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ABSTRACT 
Anthocyanins were extracted, concentrated and then applied as a natural colorant to a 
food matrix. This project assessed the use of anthocyanins extracted from Norton pomace 
for use as a natural colorant in Greek yogurt. Increasing the use of natural colorants could 
potentially reduce risks associated with the use of synthetic dyes and pigments, and could 
also be beneficial by finding an application of a waste product of the wine industry. A 
HPLC-DAD with C-18 column was used to separate polyphenolics, including 
anthocyanins from the pomace. A roto-vaporator at 50ᵒC under vacuum was used to 
concentrate the dye. Anthocyanin dye was tested for reproducibility, color degradation, 
and shelf-life. The extraction and concentration overall was reproducible and there was 
no significant difference between most wineries sampled. From the color degradation 
testing, when the extracted dye was used as a colorant in plain Greek yogurt, it can be 
concluded that when all samples were compared (not winery specific) there was a 
significant difference in L* values (white to black) between week 1-6. There was no 
significant difference in a* values (green to red) for weeks 1-6, while for b* values (blue 
to yellow) there was a significant difference from week 1-6. Winery to winery color 
degradation comparisons deduced that Adam Puchta and Stone Hill's Norton pomace 
extract were significantly different in L*a*b*. Stone Hill was also significantly different 
in b* value from Mizzou. For all other wineries, the L*a*b* values were not significantly 
different, showing a fair amount of color stability in the anthocyanin dye. Based on 
HPLC results it can be speculated that in all wineries there was a trend that malvidin-3-
O-glucoside was the predominant compound, though peonidin-3-O-glucoside, and in 
some cases cyanidin-3-O-glucoside closely followed. These results coincided with 
xiii 
 
previous studies. For the Adams assay, it can be concluded that there was no significant 
difference in tannin, phenolic or anthocyanin content among pomace from the four 
wineries in this study. These results coincide with previous studies and showed an 
abundance of tannin, phenolic content and anthocyanins in the Norton grape pomace. 
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CHAPTER 1 
INTRODUCTION 
An attractive and stable color is important in the marketability of foods and beverages. 
The trend among consumers and therefore the food industry is health conscious eating. 
So, functional and value added foods are extremely important and beneficial currently. 
Antioxidants, flavonoids and anthocyanins have potential health benefits and chemo-
protective properties. Greek yogurt has been shown to improve gastro-intestinal health 
and as a result is being increasingly consumed by the population. Anthocyanins are 
natural pigments found in fruits and vegetables, which can be separated 
chromatographically and used as a natural colorant in foods or pharmaceutical products. 
The objective of this study was to evaluate the stability of anthocyanin dye extracted 
from Norton pomace in non-fat plain Greek yogurt as well as research the available 
methodologies for extraction, concentration and identification of anthocyanins.  
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CHAPTER 2 
LITERATURE REVIEW 
2.1 Anthocyanins 
2.1.1 Introduction 
Natural food colorants are widely used by food manufacturers to gain attention of 
consumers (Mortensen 2006). The usage trends and extraction methodologies are 
important to the research of anthocyanins as well as application of anthocyanins. There 
have been many studies on vegetables and plants that yield valid information in the arena 
of natural colorants and food applications. Giusti and others (2003) tested the possibility 
of using acylated anthocyanins from red cabbage to color yogurt and sour cream. 
Mortensen (2006) cited that one of the most important sources of anthocyanins is grape 
pomace from wine production; while others included red cabbage, elderberry, black 
currant, purple carrot, sweet potato, and red radish. 
2.1.2 Grape Polyphenolic Content  
Phenolic compounds are divided into two groups: flavonoids (anthocyanins, flavan-3-ols 
(flavanals), condensed tannins and flavonols) and non-flavonoid compounds (phenolic 
acids and stilbenes) (Andjelkovic and others 2013)(See appendix Figure 3.2) . The 
composition of each group of polyphenols causes the individual characteristics of specific 
grape varieties and contributes to the resulting wine’s taste, color and mouth-feel 
(Andjelkovic and others 2013). Red wines contain, in total, 1500-2500 mg/L phenolics 
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(Frankel and others 1995). Red wines were not found to contain significant amounts of 
vitamins or selenium, so their health-protective effects have been attributed to phenolic 
components acting as antioxidants (Frankel and others 1995). 
2.1.2.1 Flavonoids 
Flavonoid compounds consist of three phenolic rings with glycoside substitutions in the 
3- and 5-positions of the flavan structure (Monrad and others 2010). Flavonoids have low 
coloring power according to deMan (1999), but they may play a part in discoloration due 
to their reactivity with metals ions, such as iron. Flavonoids can be possible substrates for 
enzymatic browning and unwanted yellow to brown coloring (deMan 1999). 
2.1.2.2. Flavonols 
Flavonols are polyphenolic compounds responsible for the yellow pigments produced in 
grapes from exposure to sunlight. Quercitin is the most abundant flavonol, it contains 
rutinose which is a disaccharide of glucose and rhamnose (deMan 1999).  
2.1.2.3 Tannins 
Tannins are polyphenolic compounds present in many fruits, which can form insoluble 
complexes by precipitation with proteins Swain (1965). Tannins influence color and 
astringency (deMan 1999). In general, tannins are high in molecular weight (Mr>500) 
(deMan 1999). Tannins are also responsible for the bitterness associated with red wines. 
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2.1.2.4 Anthocyanins 
Anthocyanins are responsible for the red to black colors of grape cultivars. Anthocyanins 
also contribute to the organoleptic and chemical properties of grapes and wine because of 
their interaction with others phenolic compounds and proteins (Mazza and others 1993). 
Anthocyanins are naturally occurring in plants, fruits, vegetables and roots. Anthocyanins 
are water-soluble and therefore easily incorporated into aqueous food structures (Giusti 
and others 2003). Anthocyanins are glycosides of anthocyanidins (the aglycones) and 
sugars. There are around 25 known anthocyanidins and several hundred anthocyanins due 
to the great variety that glycosylation and acylation add to anthocyanins (usually at the 3 
position for glycosylation and on the sugar moiety for acylation as shown in fig 3.2 in the 
appendix (Mortensen 2006). 
2.1.2.4.1 Anthocyanin Stability 
The stability of anthocyanin pigments is determined by several factors, including 
structure and concentration of the pigment, pH, temperature, light intensity and quality, 
the presence of copigments, metal ions, enzymes, oxygen, ascorbic acid, sugars and their 
degradation products and sulfur dioxide, among others (Brouillard and others 2003; 
Castaneda-Ovando and others 2008; Mazza and others 1993). Generally, increased 
hydroxylation decreases stability, whereas increased methylation increases stability 
(Brouillard and others 2003). The color of foods with anthocyanin contents high in 
pelargonidin, cyanidin, or delphinidin aglycones is not as stable as foods with 
anthocyanin contents high in petunidin or malvidin aglycones (Cevallos-Casals and 
others 2004). Studies have also shown that anthocyanins with acylating substituents are 
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more stable during processing and storage than other natural pigments (Cevallos-Casals 
and others 2004; Giusti and others 2003). The improved stabilization has been credited to 
the stacking of the acyl groups with the pyrylium ring of the flavylium cation  resulting in 
a reduced vulnerability of nucleophile attack of water and subsequent formation of a 
pseudobase or a chalcone (copigmentation or color weakening) (Brouillard and others 
2003). More stable complexes are formed when the aromatic acids are substituted in ring 
B of the flavylium cation than in ring A (Yoshida and others 2000). Copigmentation is a 
factor in anthocyanin color expression as well. Copigmentation gives rise to color change 
and increased absorption; copigmentation also gives higher stability to the anthocyanins 
(Mortensen 2006); occurring when compounds cause a red color shift of the anthocyanin 
absorption, and express a more blue color, and an associated increase in absorption. 
Aromatic compounds like flavonoids and cinnamic acids are particularly effective at this. 
Copigmentation is believed to happen when the anthocyanin is enveloped between two 
co-pigments and/or interacts with just one. Copigmentation can be intermolecular or 
intramolecular if the sugar residue is acylated with one or more aromatic acids 
(Mortensen 2006). Another important factor for color stabilization is the free malonyl 
group attached to the glucose at the C-3 position (Figueiredo and others 1999). 
Anthocyanins in nature take the form of glycosides but when the sugar moiety is 
hydrolyzed the aglycone that is left is an anthocyanidin (deMan 1999).  
2.1.2.4.2 Anthocyanin Content of Red grapes and Norton grapes 
The anthocyanin content in red grapes ranges from 72 to 1708 mg/L as reported by 
Frankel and others (1995), and the average content of anthocyanins in red wines is 
estimated at 26 mg/L Markakis (1982). The average extractable flavanol and 
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proanthocyanidin content of red grapes, measured by means of the vanillin assay, varies 
in the range of 0.87–3.65 g/kg according to the variety (Mattivi and others 2002). 
Malvidin is the predominant anthocyanidin in grapes and is the reddest of all 
anthocyanidins, providing the characteristic color of young red wines (Kammerer and 
others 2004). The accumulation of anthocyanins in grapes begins after the phenological 
stage known as véraison and is affected by weather conditions, especially light intensity 
and temperature (Kliewer 1977). Zhao (2007) sourced that increases in anthocyanin 
content during storage have been reported  in cranberries, low brush blueberries, rabbit 
eye blueberries, high brush blueberries, and strawberries.     
2.1.2.4.3 Spectral Characteristics/Color attributes 
The composition, conjugation and quantity of anthocyanins in red varieties determine the 
color density and hue of the berry skin. Anthocyanins occurring in nature contain several 
anthocyanidins or aglycones, but only six are common in foods – cyanidin, peonidin, 
pelargonidin, malvidin, delphinidin, and petunidin (Bakowska-Barczak 2005). Malvidin 
is the predominant anthocyanidin in grapes (Kammerer and others 2004). Pelargonidin is 
expressed as an orange color, whereas delphinidin and malvidin are purple in color. 
Anthocyanidin color changes with pH; around pH three, the anthocyanidins are strongly 
colored, expressing their well-known purple–red color. Then near pH 5, anthocyanidins 
turn almost colorless, and at neutral and alkaline pH the color goes from blue to green 
(Bakowska-Barczak 2005). deMan (1999) explained that the substitution of hydroxyl and 
methoxyl groups affects the color the anthocyanidin expresses; increasing the number of 
hydroxyl groups causes a deeper blue pigment, while increasing methoxyl groups 
increases redness. In solution, the colored R+ cation (oxonium salt) and ROH (colorless 
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pseudobase) are in equilibrium. The color present depends on the pH of the solution. 
Increase in pH causes the pseudobase to increase and the color becomes clearer, i.e. 
weaker) (deMan 1999). Metal chelation, other flavonoids and tannins also influence color 
attributes. Anthocyanidins have a highly visible color in an acidic medium, in the visible 
spectrum of 500-550nm, and also in the ultraviolet spectrum at 280nm.  
2.1.2.4.4 Health Benefits associated with Anthocyanins 
Various studies have found that the health benefits associated with anthocyanins extracts 
include an increase in sight acuteness, antioxidant capacity, treating circulation disorders 
when resulting from capillary fragility, vaso – protection, anti-inflammatory properties, 
inhibition of platelet aggregation, controlling diabetes, and radio-protective activity 
(Guisti and others 2002). Results Jayaprakasam and others(2005) showed that isolated 
and purified anthocyanins from fruit and vegetable may be useful in the treatment of type 
2-diabetes (Kanti and others 2009).  The most significant function of anthocyanin 
extracts is their antioxidant activity. Anthocyanin rich berries aid in LDL protection from 
oxidation (Heinonen  1998; Zhao 2007). Ghiselli (1998), investigated the antioxidant 
activity of anthocyanin fractions from Italian red wine and the results showed that the 
anthocyanins were the most effective scavenging reactive oxygen species in the wine, 
inhibiting lipoprotein oxidation and platelet aggregation. Anthocyanins free radicals are 
more stable than other radicals generated in the human body (Mi-Yeon and others 2003; 
Wolniak 2002). Anthocyanins and flavonoids are some of the most important targets for 
improving the nutritional value of foodstuffs (Kanti and others 2009). 
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2.1.2.4.5 Anthocyanin Industry Uses 
Owing to disposal problems evolving from large amounts of winery byproducts arising 
within a few weeks, alternatives to their utilization as soil conditioner or to make 
fertilizers are required because problems concerning germination properties due to high 
levels of phenolic compounds have been reported (Nerantzis and others 2006) 
Additionally, grape pomace is poorly digested when used as a feed (Baumgartel and 
others 2005; Famuyiwa 1990) . Grape pomace represents a rich source of various high-
value products such as ethanol, tartrates and malates, citric acid, grape seed oil, 
hydrocolloids, and dietary fiber (Kammerer and others 2004). 
2.2 Norton Grapes 
2.2.1 Introduction 
Norton grapes are synonymous with Norton's Seedling, Norton's Virginia, Norton's 
Virginia Seedling, Red River, Virginia Seedling, and Cythiana (Vitis aestivalis Michx.) 
(NGR 2013). Norton grapes are considered a premium grape and are popular in the 
eastern U.S. Normally Norton grapes have a high acidity (8.5 to 13 g/L as tartaric) and 
high pH (3.4 to 3.8) at harvest. Norton grapes are described as small round berries of blue 
black color (Reisch 1993). Grape growing and wine making generate a number of waste- 
and by-products; these materials include vine prunings, grape stalks, grape pomace and 
grape seeds, yeast lees, tartrate, carbon dioxide and wastewater. Only a very small 
portion of these materials is used worldwide (Nerantzis and others 2006). 
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2.2.2 History 
Reisch and others (2003) state that the origin of Norton’s seedling vine is greatly debated. 
It is thought that Norton originated from a single vine and the resulting cultivars were 
given different names: Norton in the northern part of the country by way of Virginia and 
Cynthiana in Arkansas and its surrounding states. Cynthiana is thought a misnamed 
Norton or a derivative of the Norton grape of Missouri by its bordering state Arkansas 
(Reisch 1993). Norton’s pedigree is an interspecies hybrid of Labrusca-vinifera x V. 
aestavalis (National Grape 2013). Hedrick and others (1908) cited that Norton grapes 
became part of the American Pomological Society Fruit Catalog grape list in 1885. The 
first record of Norton being distributed was in New York by the Prince Nursery of 
Flushing, New York in the early 1800’s (Reisch 1993). 
2.2.3 Norton Grape Characteristics 
Norton grows in small to medium sized clusters, these clusters are describes as tapered to 
cylindrical, they are often one shouldered (Hedrick 1908). Norton is known for its 
vigorous growth and the vine prefers well drained sandy soils. Potassium fertilizer is not 
necessary with Norton because the roots are efficient in removing potassium from the 
soil. Cynthiana can have magnesium deficiency and Morris and others (2004) suggests a 
pre-bloom foliar spray and 2 additional sprays during the season. Norton is moderately 
susceptible to downy mildew (Reisch 1993) and slightly susceptible to black rot, crown 
gall, phomoposis cane and leaf spotting, botrytis bunch rot, and powdery mildew. Norton 
is sulfur and copper sensitive. Birds find Norton attractive and are cited as a pest of the 
vines. During the growth phase, véraison, the Norton grape skin begins to accumulate 
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anthocyanins (Ali and others 2011). Norton grapes grown in cool regions can have an 
inky color, whereas when grown in a warm region, they may have a poor color (Bakker 
and Timberlake 1997). Norton is processed as a red wine and is fermented on the skins. 
Norton makes a dry red wine that is medium in body with some fruity overtones; it is 
very dark in color (Ali and others 2011).  
 2.3 Wines in Missouri 
French settlers in the St. Louis and St. Genevieve areas of eastern Missouri, in the late 
eighteenth and early nineteenth centuries are the earliest known wine makers (Byers 
2003). Grape production increased in the early 1800s through the efforts of German 
settlers in central Missouri. By 1900, Missouri was a leading producer of grapes and 
award-winning wines. Production continued to increase statewide until Prohibition in 
1920 outlawed the production of alcoholic beverages. Smaller scale grape production 
continued through Prohibition and in the years following repeal. Missouri’s wine industry 
experienced a rebirth in the 1960s, and growth of both grape and wine production 
continues today. Production of grapes is primarily for wine, although a small part of the 
crop is used for unfermented juice or sold for fresh table use (Smith 2000). The largest 
concentration of production acres is north of the Missouri River primarily from Hermann, 
Augusta, St. Charles, the Ozarks, the St. James area and southwest Missouri. The largest 
vineyards in Missouri contain approximately 100-120 acres of grapes and are located in 
the central portion of the state. The average vineyard size is 11 acres. Missouri ranks 10th 
nationwide for all grape varieties with an average seasonal price of $491 per ton 
(Missouri 2013).  The Missouri industry has experienced tremendous growth over the last 
decade, currently being the home to more than 120 wineries, which employ more than 
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14,000 Missourians. The Missouri Wine and Grape Board formed in 1984 to support the 
research, development and promotion of Missouri's grapes, wines and juices (Missouri 
2013). 
2.3.1 Norton in Missouri  
Average yields for wine grapes range from 3.5 tons/A for Norton (V. aestivalis) to 6-8 
tons per acre for the French-American hybrids. Average prices received for Norton are 
$900 per ton to $700 per ton for the French-American hybrids. In 2013, Stone Hill 
winery (Hermann, MO) established in 1847, Missouri’s oldest and most well-known 
winery won a Governor’s Cup award for their 2011 Estate Bottled Norton wine in the 
‘dry red’ category. Stone Hill’s Norton pomace, vintage 2012, was used in this study 
(Missouri 2013). St. James Winery in St. James, MO explains their Norton’s flavor notes 
as vanilla, black cherries, blackberries and pepper with 12% alcohol per 750ml volume, 
and 0.4% residual sugar (St. James 2013). 
2.4 Grape Pomace 
2.4.1 Introduction 
Grape pomace is the solid residue that remains after (red or white) grape processing to 
juice and wine. It contains skin, pulp, seeds, and stems (Zheng and others 2012). The 
wine industry produces large quantities of pomace; about 122,000 tons of dry pomace is 
produced per year just in California. As mentioned above, pomace is composted as 
fertilizer (Zheng and others 2012), processed into animal feed or extracted for grape seed 
oil and polyphenols (Ruberto 2007). However, these applications have limited markets 
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and can absorb only a small portion of the waste generated. As a result, alternative 
procedures are needed to add value to grape pomace (Cardona 2007). Conversion of 
grape pomace into biofuels, such as fuel ethanol and biogas, is a promising possibility.  
2.4.2 Current uses 
 Grape pomace is loosely defined as the residue of the grape after juice has been removed 
pre- or post-fermentation. Pomace includes skins, seeds and fibrous pulp. Pomace is 
currently used sparingly as a soil conditioner or to make fertilizers but problems 
concerning germination properties due to the high levels of phenolic compounds left in 
the pomace have been cited (Negro 2003).   
2.5 Non fat plain Greek yogurt 
2.5.1 Introduction 
Yogurt is a dairy product produced by bacterial fermentation of milk. The bacteria used 
to make yogurt are usually Lactobacillus bulgaricus and Streptococcus thermophiles 
(Chandan 2013). Fermentation of lactose by these two bacteria working in a symbiotic 
relationship produces lactic acid, which acts on casein and other milk proteins, to give 
yogurt its texture and its sour flavor. Cow’s milk is most commonly used in yogurt 
making, but goat and sheep milk can also be used. 
2.5.2 Processing Methods 
Traditional Greek yogurts are manufactured without homogenizing the milk, which leads 
to the formation of a shell at the outward surface of the yogurt, and the starter culture 
from the previous day’s production is used to inoculate the present day’s milk. There are 
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two processing methods for Greek yogurt. One method is the common process of using a 
quark separator to strain the whey after fermentation. In this process the yogurt passes 
through the separator at incubation temperatures, flavor may be added at this point. Then 
the product containers are filled and a blast cooler is used to bring the product's 
temperature down. The other method is to start with milk fortified with casein (milk 
protein) concentrate or a milk and whey protein mixture (Chandan 2013).  
2.5.3 Health Benefits 
Yogurt contains approximately 3.25% milk fat but it can also be “low-fat”, which means 
it contains 0.5–3% milk fat or “non-fat” containing less than 0.5% milk fat. The non-fat 
yogurt is preferred due to health concerns by consumers. The popularity of yogurt was 
propelled by its perceived health benefits. The live and active microbial cultures can aid 
in possible cancer prevention, improvement of gastrointestinal health, reduced diarrhea 
from travel, antibiotic `therapy, enhanced immunity of the host, relief of lactose 
intolerance symptoms, protection from food-borne microorganisms, and better control of 
vaginitis in female patients (Chandan 2013). Greek yogurt has more solid content 
(protein) when compared to regular yogurt. It is perceived as less acidic (Chandan 2013). 
Greek yogurt is manufactured from skim, low-fat or whole milk. Consumers view Greek 
yogurt as high-protein, low-fat, natural and more filling than regular yogurt (Chandan 
2013). It is estimated that total sales of Greek-style yogurt is about 25% of the total 
yogurt market (Facts 2013). The total yogurt retail is said to be worth $4 billion, and $1 
billion of this is Greek yogurt alone (NPR 2012). The market leaders for Greek-style 
yogurt are Chobani, Fage, Dannon, General Mills, and others with 48, 22, 14, 5 and 10% 
market share, respectively (Palmer and others 2011). Growth in the yogurt market has 
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matured but recently has taken off due to Greek-style yogurts. Since 2007, Greek yogurt 
sales have been rising steadily in the U.S. (Facts 2013). Greek yogurt has a pH of 4.2 
(Chandan 2013). Greek yogurt was introduced in the USA in 2005. It has since become 
increasingly popular (Chandan 2013). Most USA produced Greek yogurt is non-fat. 
Greek yogurt has been traditionally high fat in Greece and the UK. One of its attributes is 
its high protein content, 2-2.5 times that of regular yogurt (see appendix Figure 3.9) and 
the lack of milk fat. Consumers are currently more aware of proteins and their effect on 
satiety. 
2.6 Consumer Trends/Industry Trends 
2.6.1 Introduction  
Food and consumer trends are important factors in the food industry. There are many 
health conscious trends currently. A recent trend for consumers is nutraceuticals (or 
medicinal foods) that increase health or aid in disease prevention (FMI 2000). 
Antioxidants are a worldwide trend among consumers. Consumers are aware of the 
benefits of antioxidants, such as possibly preventing cancer, heart-disease, diabetes, and 
sight-problems (Konczak and Zhang 2004). In an increasingly more health-conscious 
society, antioxidants play a major role, and in extension, so do anthocyanins. Consumers 
are also conscious of their global foot-print. As a result, recycling or finding a use for 
waste and by-products are steadily increasing (Nerantzis and others 2006). Because 
consumers increasingly purchase organic, and non GMO products, a naturally sourced 
dye would, presumably, fare well on the market. Also, a small percent of the world has 
allergens to synthetic dyes such as FD&C Yellow No. 5 and FD&C Red No.40.   
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2.6.2 Health consciousness 
In 2005, Milo stated that functional food and beverage consumption was growing as a 
result of consumer trends, such as increasing health consciousness as a direct result of 
consumer awareness. Thus more natural products, food colorants, and antioxidants have 
gained attention in the global market (Milo 2005). Americans are making healthier eating 
choices, consumers care about nutrition, dieting and choose food products based these 
factors. 39% of Americans are managing their weights (Facts 2013). By 2015, Baby 
boomers will control more than half of the dollars spent in grocery stores nationwide. 
This mean anti-oxidant rich, heart healthy foods are on the uprising, along with fortified 
foods and whole grains (Henderson 2013).  Dannon, as the largest maker of yogurt in the 
United States, pledged that they are going to improve their yogurts nutrient density by 
10% by the year 2016 and reduce the amount of total sugar per serving; this is an effort to 
reduce obesity as eating yogurt has been associated with less weight gain and a digestible 
dairy option for individuals with lactose intolerance, and just recently yogurts have been 
included in some Women, Infants and Children (WIC) food packages, signifying the 
imperativeness of yogurt as a healthy foodstuff to the general population (Dannon 2014). 
Consumers are more aware of what is in food products and what effect that has on their 
health and diet due to increased public access and education. 
2.6.3 Value added foods 
Baby Boomers and other health conscious consumers are also searching for so called 
“Superfoods” that aid in cancer prevention, heart disease, and cholesterol reduction. 
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Foods, such as kale, whole grains, quinoa, and even dark meat chicken are trendy 
(Henderson 2013).    
2.6.4 Recycling/multi uses wastes 
Food industry waste occurs at various times in the Food Supply Chain (FSC) (Kosseva 
2013). These are: wholesale edible materials for human consumption that is lost or 
degraded, edible materials fed to animals intentionally, such as a food processing by 
product, any substance the manufacturer discards by law or at will (Stuart 2009), uneaten 
foods or food preparation wastes, and food or drink products that are disposed of by the 
manufacturer. In 2012, Zheng and others found that management strategies are needed 
that yield valuable products from residual pomace while accommodating compositional 
variation. Typically, pomace is composted as fertilizer, processed into animal feed, or 
extracted for grape seed oil and polyphenols (Nerantzis and others 2006). However, these 
applications have limited markets and can absorb only a small portion of the waste 
generated.  
2.6.5 Color as a visual food quality indicator 
An attractive and stable color is essential in the marketing of foods and beverages. Color 
can be a determining factor in whether a food is perceived as "safe" to eat to a consumer. 
Color is added to foods to replace coloring loss due to processing, to enhance natural 
color or to maintain a color standard in all batches of a product, and lastly to color a 
colorless product (Mortensen 2006). Synthetic coloring agents have commonly been used 
in the food industry but the safety of synthetic dyes has been questioned, ultimately 
resulting in restrictions of use for color additives approved for use in human food (Food 
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Coloring 2014). Such as FD&C Orange No. 1; FD&C Red No. 32; FD&C Yellows No. 1, 
2, 3, and 4; FD&C Violet No. 1; and FD&C Reds No. 2 and 4 (see appendix figure 3.3). 
Many countries with similar food coloring controls (including Canada and Great Britain) 
also ban the use of Red No. 40. In the United States, consumers are leaning towards the 
consumption of natural products; hence the interest in natural colorants is increasing 
(Bąkowska-Barczak 2005). deMan (1999) stated that color plays a key role in consumer 
acceptability of unprocessed and manufactured foods alike. Food colors can be divided 
into four categories: natural colors, nature-identical colors, synthetic colors, and 
inorganic colors. Natural food colorants come from a variety of sources and greatly differ 
structurally, but they can be grouped into three basic classes: tetra-pyrrols, tetra-
terpenoids, and flavonoids (Mortensen 2006). 
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CHAPTER 3 
METHODOLOGY 
3.1 Introduction 
The research questions of this thesis are based on three hypotheses:  
1. Extraction of anthocyanin dye from pomace is reproducible  
2. There are differences between wineries in the color of the dyes extracted from 
Norton pomace.  
3. There are no significant differences between week 1 and week 6 (in the same 
winery) in dye color when used to color Greek yogurt. 
4. The phenolic compounds in  Norton pomace are comparable to those in red wine 
varieties as determined by previous studies 
5. There is no significant difference among phenolic content of the Norton from 
different wineries studied  
The anthocyanin extraction, sample preparation, and HPLC systems were adopted from 
the literature (Bakker and Timberlake 1997; Kammerer et al. 2004) due to similarities in 
products analyzed and equipment used. Many different methodologies were attempted, 
such as using HPLC grade ethanol rather than methanol but the extraction with ethanol 
caused browning reactions to occur from oxidation. Solvents were chosen based on 
previous studies. When neutral solvents were compared to acidic solvents, the 
anthocyanin content (non acylated) was higher in extracts thought to be due to the 
hydrolysis of their acetylated derivatives (Revilla and others 1998). The extraction results 
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and chromatographical results are expected to be comparable to similar previous studies 
on Norton grape skins, and red grape skins. 
 3.2 Materials 
All materials used were analytical or HPLC grade, purchased from Sigma-Aldrich (St. 
Louis, MO). The C18 reversed-phase column was obtained from Supelco Sigma-Aldrich 
(St. Louis, MO). Norton grape pomace used in this study was obtained from the 
following wineries: Adam Puchta (Hermann, MO), one sample from Norton red wine 
production (vintage 2012) was used for polyphenol analyses and anthocyanin extraction;  
one sample was obtained from Les Bourgeois (Rocheport, MO) Norton wine production 
(vintage 2012) and used for analysis; one sample was obtained from Mizzou Winery 
(Columbia, MO)  Norton wine production (vintage 2012) and used for all analyses; and 
one sample was obtained from Stone Hill Winery (Hermann, MO) and used for all 
analyses. Greek yogurt was purchased from Schnuck’s Grocery Store (Columbia, MO) 
the brand used was Dannon Oikos (White Plains, NY) Plain Greek nonfat yogurt  150g 
(5.3oz).   
3.3 Extraction 
3.3.1 Sample Preparation 
The sample preparation was derived from Kammerer and others (2004).The pomace 
samples were received refrigerated after being pressed during harvest (October 2012) 
from Adam Puchta, Les Bourgeois, Mizzou, and Stone Hill wineries.  The pomace 
consisted of seeds, skins, and pulp. All sticks and stems and seeds were removed 
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manually.  The anthocyanin dye was made in large aliquots to allow for multiple assays. 
From each winery 75 g of pomace (frozen skins and pulp) was weighed and added to a 
500 mL volumetric flask using a funnel. This flask was then filled with MeOH/0.1% HCl 
v/v and flushed with nitrogen to prevent oxidation then covered with para-film to be 
airtight. The extraction time was approximately 2 hours, under stirring, at room 
temperature.  The solution was then filtered through a Buchner funnel using Whatman 
filter paper #4 under vacuum. The solution was then brought up to 500 mL again using 
methanol, so that the evaporation level of the extract could be determined.  This 500 mL 
of anthocyanin dye was transparent and vibrant purple- in color.  
3.3.2 Rotary Evaporation  
Initially, rotary evaporation was used to concentrate a large volume (500mL) of extract in 
8 hours to ~10mL.  However, this approach resulted in large evaporative losses and is not 
suitable for low boiling point compounds.  Therefore, the 500 mL of transparent 
anthocyanin dye was then concentrated (methanol evaporation) using a Brinkmann-Büchi 
rotary evaporator (Flawil, Switzerland) under vacuum for 8 hours per sample to 50 ml 
and the color darkened to a deep transparent purple. The methanol evaporated dye was 
then filtered with Whatman filter paper #41 and stored in the refrigerator, capped with 
parafilm and wrapped with aluminum foil to prevent light/air oxidation. Percent 
composition concentration was calculated as follows: Mass of solute divided by the mass 
of the solution (mass of solute plus mass of solvent), multiplied by 100%. 
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3.4 Chromatographical Analysis 
Fractionation of the phenolic compounds is a prerequisite for identification as a result of 
the complex profile of grape polyphenolics, which includes anthoxanthins, phenolic 
acids, stilbenes, and anthocyanins, and the subsequent elution with acidified water, and 
acidified methanol in the likeness of the modified method for the fractionation of 
phenolic compounds in red wine (Oszmianski and others 1988) was required to avoid 
inaccurate peak integration as a result of co-elution. (Kammerer and others 2004). 
3.4.1 Sample Preparation 
The anthocyanin dye was filtered using an HPLC grade 1 mL syringe and a PVDF 
0.45µL membrane disc filter and placed in an airtight 1 mL glass HPLC sample vial.  
3.4.2 HPLC Equipment  
Equipment used for HPLC analysis of the anthocyanin dye was an Agilent 1100 Series 
HPLC equipped with ChemStation software, a model G1379A degasser, a model 
G1311A QuatPump, a model G1329A autosampler, a model G1316A Colcom column 
oven, and a G1315B diode array detector (DAD). The separation was performed on a 
Supelco (LC-18, 5µm, 25cm x 4.6 mm i.d.) column operated at a temperature of 25 C. 
The DAD was set to an acquisition range of 200-600 nm (monitored at 270, 320,520 nm) 
at a spectral acquisition rate of 1.25 scans/s (peak width 0.2 min) (Kammerer and others 
2004). 
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3.4.3 Mobile Phase System  
The mobile phase consisted of water/formic acid/acetonitrile (87:10:3, v/v/v; eluent A) 
and water/formic acid/acetonitrile (40:10:50, v/v/v; eluent B) using a gradient program as 
follows: From 10 to 25% B (10 min), from 25 to 31% B (5 min), from 31 to 40% B (5 
min), from 40 to 50% B (10 min), from 50 to 100% B (10 min), from 100 to 10% B (5 
min). Total run time was 50 min. Monitoring was performed at 520, 320, and 270 nm at a 
flow rate of 1 mL/min. (Kammerer and others 2004) 
3.5 Color Degradation Analysis 
3.5.1. Sample Preparation 
After extraction and methanol evaporation, 10mL of the anthocyanin pomace dye was 
applied to 150 g plain non-fat Greek yogurt by blending to a homogenous consistency in 
a Waring© commercial blender for 30 seconds (speed setting: 1). After blending, the dye-
colored yogurt was contained in a transparent plastic petri dish, air tight and refrigerated 
at 32°F.  During storage (6 weeks) plastic petri dishes were covered with aluminum foil 
to protect from light oxidation. Any air bubbles in the samples were uniform and 
consistent in all sample readings. 
3.5.2 Methodology 
The system for color classification used for this portion of the experiment was based on 
the Hunter L, a, b, system where color is measured in lightness (L) value, red-to-green 
(a), and yellow-to-blue (b) dimensions (deMan 1999), which modified by the C.I.E. 
system to give L*, a* and b* values.  
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3.5.3 Color Analysis Equipment 
The colorimeter used was a Konica Minolta Chroma-meter CR-410 (Ramsey, NJ). Each 
petri dish containing pomace dyed yogurt was placed on a white background paper for all 
L*a*b* reading. The colorimeter was placed directly over the plastic petri dish and the 
sample was analyzed for L*a*b* values in triplicate, these values were then recorded one 
time per week for a total of 6 weeks.  
3.6 Polyphenolic Content Analysis  
The Adam’s assay was conducted according to Downey and others (2006), which is a 
modified version of the Halbertson-Adams assay for determining multiple phenolic 
classes in wines: anthocyanins, tannins, pigmented polymers, and non-tannin iron-
reactive phenolics. 
3.6.1 Sample Preparation 
This method utilizes pH change, protein precipitation, and bisulfite bleaching techniques 
to measure total phenols, tannins, anthocyanins and polymeric pigments using a 
spectrophotometer. All solutions and standards were made according to Downey and 
others (2006): 
 Buffer A (washing buffer): In 1.0L bottle 9.86g sodium chloride (NaCl) was 
dissolved in 500mL of DI water, then 12mL glacial acetic acid was added, and the  
pH was adjusted to 4.9 with sodium hydroxide (NaOH). The solution was made 
up to volume to 1.0 L with DI water then stored at room temp. 
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 Model Wine (Buffer B): In 1.0L bottle 5.0g potassium bitartrate was dissolved in 
800mL of DI water using magnetic heater/stirrer. The solution was cooled to 
room temperature, then120mL of 96% Ethanol was added and stirred 5 minutes 
(without heat), the pH was then adjusted to 3.3 with HCl and made up to volume 
1.0L with distilled water then stored at room temperature. 
 Resuspension Buffer (Buffer C) : In 1.0L beaker, was dissolved 50g SDS in 
800mL of DI water, then 50mL triethanolamine was added then gently stirred to 
dissolve SDS. When pH stabilized it was then adjusted to pH 9.4 with HCl. The 
solution was transferred into 1.0L bottle, and made up to volume 1.0 L with DI 
water then was stored at room temp. 
 Anthocyanin Buffer (Buffer D): In 1.0L bottle, 23g of maleic acid and 9.93g NaCl 
was dissolved in 800mL of DI water the pH was adjusted 1.8 with NaOH  and 
made to volume 1.0L with DI water then stored at room temp.  
 Wine Sample (anthocyanin dye sample): all anthocyanin dye samples were 
assessed following extraction for anthocyanin content results; it was found 
through trial and error that the concentrated anthocyanin dye did not allow enough 
light to be transmitted by the spectrophotometer to get an accurate reading. The 
pomace dyes were diluted by a factor of 1:9, and then stored at room temperature. 
 Protein Solution: 1mg of Bovine Serum Albumin was dissolved into 1 ml of 
washing buffer (Buffer A) and stored at 4°C temp. 
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 Ferric Chloride Reagent: In 1.0L bottle, 2.7g ferric chloride was dissolved in 
800mL of DI water, then 800µL conc. HCl (12.1 N; 33-37%) was added, then the 
solution was made up to 1.0L with DI water and stored at room temp. 
 Bleach Solution: In 50mL Falcon tube, 2.0g of potassium metabisulfite was 
dissolved in 25mL of DI water (must be prepared fresh frequently). 
 Standard Catechin solution: 2mg of catechin was dissolved into 200µL of 200 
proof ethanol and then 1.8mL of DI water was added to volume. This solution had 
to be made fresh each time the assay was run. 
3.6.2 Methodology 
3.6.2.1 Catechin Standard Curve 
Catechin Standard Curve: all anthocyanin dye samples were assessed following 
extraction for anthocyanin content results; it was found through trial and error that the 
concentrated anthocyanin dye did not allow enough light to be transmitted by the 
spectrophotometer to get an accurate reading. A set of dilutions were made ranging 0-
300mg/L of catechin standard adjusting the volume to 875mL with Buffer C 
(resuspension buffer) then 125mL of ferric chloride reagent was added to bring the 
solutions to 1000mL. The standard samples and zero Catechin were incubated for 10 
minutes and read at 510nm on the spectrophotometer. 
A zero tannin sample was made with 875mL of Buffer C and 125mL of ferric chloride 
reagent this was necessary to calculate the tannin concentration in the pomace dye, from 
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this it was deduced that the zero catechin was 0.041.  The standard curve is seen 
Appendix Figure 2.17. 
3.6.2.2 Polymeric Pigment Measurement 
Each anthocyanin sample required 2 centrifuge tubes; in the first (tube 1) 500µL of 
anthocyanin dye diluted to 1:9 in Buffer B is added to 1mL of Buffer A. The second test 
tube (tube 2) 500µL of anthocyanin dye diluted to 1:9 was added to 1mL of protein 
solution.  Tube 1 required 10 minute incubation. Tube 2 required 15 minute incubation. 
After 10 minutes 1mL aliquot from tube 1 was read in the spectrophotometer at 520nm 
this was reading A or Background of anthocyanin (zero against 1mL of Buffer A) 
(appendix table 1.38).  80µL of bleach solution was added to that same aliquot and mixed 
on the vortex and incubated 10 minutes and read at 520nm this was reading B or Large 
polymeric pigment (appendix table 1.39). After the 15 minute incubation tube 2 was 
centrifuged for 5 minutes (14,000 RPM). Then, 80µL  of bleach solution was added to 
1mL of the supernatant from tube 2 and incubated for 10 minutes, then read at 520nm, 
this was reading C or small polymeric pigment (appendix table 1.40). 
3.6.2.3 Tannin Measurement 
The remaining supernatant from tube 2 (polymeric pigment measurement) was discarded, 
the surface of the remaining pellet and the walls of the tube were washed with 250µL of 
Buffer A, then this was centrifuged for 1 minute (14,000 RPM). The supernatant was 
discarded; 875µL of Buffer C was added to the tube containing the precipitate and 
incubated for 10 minutes. Samples were then vortexed until pellet was completely 
dissolved then incubated an additional 10 minutes and then the solution was placed in a 
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cuvette and read at 510nm, this was Tannin Background at 510nm (appendix table 
1.42).125µL of the Ferric chloride was then added to the cuvette and mixed, then 
incubated for 10 minutes, then read at 510nm, this was the Tannin Final at 510nm 
(appendix table 1.43). 
3.6.2.4 Total Phenolics Measurement 
A 50µL aliquot of anthocyanin dye sample was brought up to 875µL with Buffer C in a 
cuvette. This was incubated for 10 minutes then read at 510nm this was the Total 
Phenolics background (appendix table 1.45). 125µL of Ferric Chloride reagent was added 
to cuvette and mixed, then incubated for 10 minutes and read at 510nm, this was Total 
Phenolics Final (appendix table 1.46). 
3.6.2.5 Anthocyanin Measurement 
500µL of anthocyanin dye sample was diluted 1:9 with buffer B then was added to 1mL 
of Buffer D. This was incubated for 5 minutes and a 1mL aliquot was read at 520nm, this 
was reading D (appendix table 1.41). 
3.6.3 Polyphenolic Content Calculations 
All calculations were executed in Microsoft© Excel (see appendix table 1.38 through 
table 1.49). 
 
 
28 
 
3.6.3.1 Determination of polymeric pigments and anthocyanins in anthocyanin dye 
sample 
Total Anthocyanin - Anthocyanins are the red, black, or blue pigments found in grapes. 
They are most highly concentrated in the skins. Total Polymeric Pigment (both Large 
Polymeric Pigment [LPP] and Small Polymeric Pigment [SPP]) - Polymeric pigment is 
the stable form of color in wine. LPP is precipitated by protein and is a tannin containing 
a bound anthocyanin.  
 Large Polymeric Pigment (LPP) =B-C e.g. (1.08)*(Dilution factor)*(4)*(B-C) 
 Small Polymeric Pigment (SPP)= C e.g. (1.08)*(Dilution factor)*(30/7)*(C) 
 Anthocyanin (mg/L Malvidin-3-gluc equivalents)= (D-A)/(0.0102 abs. Unit. 
L/mg) e.g. [(wine dilution)*(D)- (wine dilution)*(A)]/0.0102 L mg-1 AU 
3.6.3.2 Determination of tannin and total phenolics in anthocyanin dye sample 
 Total Tannin - Tannin is responsible for the astringent mouth feel of wines. It is a big 
contributor to balance and complexity. The amount of tannin in wine samples is 
calculated using the standard curve; units were reported as mg/L catechin equivalents 
(mg/L CE). The determination of total phenolics of a sample is calculated like tannin 
evaluation. 
 The absorbance due to tannin was: [(Tannin Final A510nm)-(A510 from zero 
tannin)] – (Tannin background 510nm *0.875) 
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 Total (Iron Reactive) Phenolics (TIRP) - A measurement of total phenolics in 
wine. The absorbance due to the total phenolics was: [(Total Phenolics Final 
A510nm)-(A510 from zero tannin)] – (Total Phenolics background 510nm 
*0.875) 
3.6.4 Polyphenolic Content Equipment 
All solutions were tested in triplicate using a  Genesys™ Thermo Spectronic Visible 
Spectrophotometer, 1.5mL cuvettes micropipettes (1-1000µL), a microcentrifuge (14,000 
RPM), and 1.5mL centrifuge tubes, test tube rack, and a bench top vortex mixer. 
3.7 Statistical Analysis 
For extraction reproducibility the weight of pomace used, weight of solvent (acidified 
Methanol) in 500mL volumetric flask were all recorded and percent composition 
concentration was calculated in excel, then a one way ANOVA was conducted using 
Minitab. Significant (P < 0.05) differences between means of four replicates were 
identified using Tukey’s procedure. Winery pomace dye concentration was a factor in 
extraction and therefore color expression. Previous studies have analyzed best extraction 
methodologies and their reproducibility factors and highest extraction of phenolics in 
fresh grapes and grape skins (Revilla and others 1998). Chromatographical- HPLC results 
were compared to previous studies (Kammerer and others 2004) by spectral 
characteristics and the identity of the anthocyanindins (monoglucosides, acetylglucosides 
and coumarylacetyglucosides) was speculated based on comparison of chromatograms 
with those found in the literature. Color degradation results were tested by ANOVA and 
Fisher’s LSD Test for differences. A composite of all wineries from week 1 to week 6 
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was analyzed using Minitab, running a one way ANOVA then computing Pearson’s 
Correlation for trends in color change from week to week; and specifically week 1 was 
compared to week 6.  Adam’s Assay was analyzed using ANOVA in SAS then Fisher’s 
LSD test for difference in phenolic content among wineries. 
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CHAPTER 4 
RESULTS AND DISCUSSION 
4.1 Introduction 
Data was collected from each assay, mean, standard deviation were calculated for each 
data set. All results were computed in Microsoft© Excel, and then analyzed using 
Minitab, and/or SAS (v9.3). All data was compared to a control or blank. Concentration 
was calculated in excel and reported but was not statistically analyzed because it was 
supporting information and not the basis of this study.  
4.2 Extraction Reproducibility Results 
Table 4.1 Average Norton pomace extraction reproducibility standard and weight 
Winery 
Extraction 
reproducibility 
standard (%) 
Weight of  
Pomace (g) 
Stone Hill 19.69±0.44a 76.02±0.29a 
Les Bourgeois 19.40±0.23ab 75.29±.0.09ab 
Adam Puchta 19.39±0.25b 75.38±0.27b 
Mizzou 19.32±0.11ab 75.50±0.31ab 
Means with the same letter are not significantly different. 
There was no significant difference in dye concentration among Stone Hill, Les 
Bourgeois, and Mizzou. Neither was there a significant difference in concentration for 
Les Bourgeois, Adam Puchta or Mizzou. Stone Hill and Adam Puchta were significantly 
different at alpha 5%. This may be due to using slightly more Stone Hill pomace than the 
75g specification for pomace weight; the actual weights for Stone Hill were 76.02g±0.29 
whereas Adam Puchta was 75.38g±0.27  (see table 1.32-1.35 in the appendix), which was 
due to human error. The extraction and concentration overall was reproducible and there 
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wasn’t a significant difference between most wineries sampled in extraction 
concentration capabilities. Revilla and others (1998) found there was a correlation 
between extraction procedures and total anthocyanins and total phenolics in whole grapes 
and grape skins. 
4.3 Color Degradation Results 
A one way ANOVA was ran in SAS, then an individual Fisher's Least Significant 
Difference (LSD) Test at alpha 5% for average L*a*b* values week 1 thru week 6 was 
ran respectively. 
4.3.1 Color over time (week 1 vs. week 6) comparison and correlation for all 
wineries 
All results were reported as L* value, a*value, and b* value of Norton pomace dye 
sample sets. Each winery set (example: AP1) is actually an average of the sample that 
was ran in quadruplicate for statistical power. This is why the N is 26 or in some cases 24 
instead of 4. A composite of all L*a*b* values are reported to see color degradation from 
week 1 to week 6 as a whole and not winery specific. A Pearson correlation was also ran 
on the composite data to identify trends from week to week in L*, a*, b* values.  They 
were reported as P values (significant difference) and R2 values (coefficient of 
determination) for the dataset. 
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Table 4.2 Weekly Comparison of L* values for pomace dyed yogurt 
Week Mean N 
1 65.887a 26 
2 64.798 ab  26 
3 64.937 ab  26 
4 65.061 ab 26 
5 65.029 ab 26 
6 62.657 b  26 
Means with the same letter are not significantly different. 
Week 1’s, week’s 2’s, weeks 3’s, week 4’s and week 5’s average L* value for all 
wineries was not significantly different at alpha 5%. Week 2’s, weeks 3’s, weeks 4’s, 
week 5’s and week 6’s L* average value for all wineries were not significantly different. 
However, L* average value for week 1 and week 6 were significantly different at alpha 
5%. The value of R2, the coefficient of determination, was 0.837. The L* value, 
measuring whiteness to blackness, was expected to change the most of all the color 
values.  In a previous study (Mazaheri and others 2008) on optimizing yogurt 
formulation, it was suspected that yogurt’s pH decreases during storage until the second 
week (around day 14-21) of storage when the pH begins increasing due to 
microorganisms running out of sugar sources and consequently they begin to degrade 
proteins creating by-products that increase the yogurt’s pH. This is what was 
hypothesized to have caused the significant shift in lightness in the anthocyanin dyed 
yogurt. The pH of the anthocyanin dyed yogurt was acidic at 4.22 which is in the optimal 
range for color expression of the red-purple pigments of anthocyanins.  Near the end of 
the 6 weeks of color degradation testing the yogurts pH increased to closer to 5 when the 
anthocyanins were more weakly colored. It should be taken into consideration that the 
shelf life of a Greek yogurt is about 4 weeks and these results show no significant 
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difference from week 1 to week 4. So, ultimately, there was no significant difference in 
L* values for the duration of yogurts suggested shelf-life. 
A Pearson product-moment correlation coefficient was computed (see appendix table 1.7) 
to assess the relationship between L* values week 1 and L* values week 6. There was a 
strong positive correlation between the two variables, r = 0.672, n = 17, p = 0.000. 
Overall, there was a strong, positive correlation between L* values for week 1 and L* 
values for week 6. Higher week 1 L* values were related to higher week 6 L* values. 
Table 4.3 Weekly Comparison of a* values for pomace dyed yogurt 
Week Mean N 
1 7.87a 26 
2 7.47 a 26 
3 7.24 a 26 
4 7.00 a 26 
5 6.94 a 26 
6 6.88a 26 
Means with the same letter are not significantly different. 
There was no significant difference at alpha 5% for a* values from week 1 through week 
6. The value of R2, the coefficient of determination, was 0.890. Thus, there was not a 
significant difference in red to green during the 6 week storage time of the Norton 
pomace dyed yogurt as expected. Syneresis, the tendency of the yogurt to whey-off 
during storage, may also play a factor in the color change after week 4. The increased 
water from syneresis possibly raised the pH and weakened the overall color the yogurt 
expressed. 
A Pearson product-moment correlation coefficient was computed (see appendix table 1.8) 
to assess the relationship between a* values week 1 and a* values week 6. There was a 
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very strong positive correlation between the two variables, r = 0.898, n = 17, p = 0.000. 
Overall, there was a very strong, positive correlation between a* values for week 1 and 
a* values for week 6. Higher week 1 a* values were related to higher week 6 a* values.  
Table 4.4 Weekly Comparison of b* values for pomace dyed yogurt  
Week Mean N 
1 -0.75 a 26 
2 -0.29 ab 26 
3 0.00 ab 26 
4 0.18 ab 26 
5 0.34 b 26 
6 0.51 b 26 
Means with the same letter are not significantly different. 
There was no significant difference between week’s 2, week’s 3, week’s 4, week’s 5 and 
week’s 6’s average b* value at alpha 5%. There was also no significant difference 
between week’s 1, week’s 2, week’s 3, and week’s 4 average b* value. There was a 
significant difference between week’s 1, and week’s 5 and therefore week’s 1 and week’s 
6. The value of R2, the coefficient of determination, was 0.853. There was no significant 
difference from week 1 through week 4; the b* value measures blue to yellow color 
expression. After week 4 there was an overall increase in yellowness expressed in all 
wineries pomace colored yogurt. It is suspected to be due to the same reason as the 
decrease in L* value, which is that yogurt’s pH decreases during storage until the second 
week (around day 14-21) of storage when the pH begins increasing due to 
microorganisms running out of sugar sources and consequently they begin to degrade 
proteins creating by-products that increase the yogurt’s pH. This is what was 
hypothesized to have caused the significant shift in yellowness in the anthocyanin dyed 
yogurt. The pH of the anthocyanin dyed yogurt was acidic at 4.22 which is in the optimal 
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range for color expression of the blue pigments of anthocyanins.  Near the end of the 6 
weeks of color degradation testing the yogurts pH increased to closer to 5 when the 
anthocyanins were more weakly colored (Mazaheri and others 2008).  
A Pearson product-moment correlation coefficient was computed (see appendix table 1.9) 
to assess the relationship between b* values week 1 and b* values week 6. There was a 
very strong positive correlation between the two variables, r = 0.851, n = 17, p = 0.000. 
Overall, there was a very strong, positive correlation between b* values for week 1 and 
b* values for week 6. Higher week 1 b* values were related to higher week 6 b* values.  
 4.3.2 Winery to winery comparison 
All results were reported as L* value, a*value, and b* value of samples ran in triplicate; 
each winery’s sample set comprises 3 individual runs of winery sample to increase 
statistical power.  L*a*b* values were compared winery vs. winery for significant 
differences  
Abbreviations for the following tables are as follows: 
AP1 Adam Puchta Sample Set 1 
AP2 Adam Puchta Sample Set 2 
LB1 Les Bourgeois Sample Set 1 
LB2 Les Bourgeois Sample Set 2 
MU1 Mizzou Sample Set 1 
MU2 Mizzou Sample Set 2 
SH1 Stone Hill Sample Set 1 
SH2 Stone Hill Sample Set 2 
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Table 4.5 Winery Comparison of L* values for pomace dyed yogurt  
Winery Mean N  
Control 87.215a 24 
SH2 65.351 b 18 
SH1 65.014 b 18 
MU2 61.484 bc 18 
LB1 60.661bc 18 
LB2 59.362 bc 12 
MU1 58.912 bc 18 
AP1 57.903 c 18 
AP2 57.574 c 18 
Means with the same letter are not significantly different. 
For L* (lightness) the control was significantly different from all wineries grape pomace 
dyed yogurt, as expected, because the control was Dannon Oikos© plain non-fat Greek 
yogurt without any Norton pomace dye. At alpha 5%  L* values for Greek yogurt dyed 
with anthocyanin extract from Stone Hill sample set 1 (SH1) and Stone Hill sample set 2 
(SH2) were not significantly different. Both sample sets of Stone Hill, Mizzou, and Les 
Bourgeois were not significantly different, and both sample sets of Mizzou, Les 
Bourgeois and Adam Puchta were not significantly different. However, Adam Puchta and 
Stone Hill was significantly different for both sample sets. This might be attributable to 
the extraction error previously stated. The coefficient of determination (R2) = 0.909.  
Table 4.6 Winery Comparison of a* values for pomace dyed yogurt 
Winery Mean N  
AP1 10.37a 18 
AP1 10.29ab 18 
MU1 9.96 ab 18 
MU2 9.92 ab 18 
LB1 8.95ab 18 
LB2 8.33 ab 12 
SH1 6.90b 18 
SH2 6.60 b 12 
Control -2.77c 24 
Means with the same letter are not significantly different. 
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For a* (red to green) the control was significantly different when compared to all 
wineries pomace dyed yogurt as expected. Similar to the L* values, the only difference in 
a* value was found between Greek yogurts dyed with pomace extract from Adam Puchta 
and Stone Hill. The coefficient of determination (R2) was 0.995. 
Table 4.7 Winery Comparison of b* values for pomace dyed yogurt  
Winery Mean N  
Control 7.720a 24 
SH1 1.224 b 18 
SH2 1.133 b 12 
LB2 -0.455bc 12 
LB1 -1.028bc 18 
MU2 -2.437c 18 
MU1 -2.460 c 18 
AP2 -3.019c 18 
AP1 -3.023c 18 
Means with the same letter are not significantly different. 
For b* (blue to yellow) values, the control was significantly different from all wineries as 
expected. There was no significant difference between Stone Hill sample set and 1 and 2. 
There was no significant difference between Les Bourgeois’ sample sets and those of 
Stone Hill, Mizzou or Adam Puchta.  However, Stone Hill’s sample sets were 
significantly different from Mizzou and Adam Puchta sample sets. The coefficient of 
determination (R2) was 0.996.  
4.4 HPLC Analysis Results 
Each non concentrated pomace dye sample was compared to previous studies by 
Kammerer and others (2004) and Wrolstadt and others (2005) who found that malvin-3-
glucoside was the most common anthocyanin in Norton and other red grape varieties. 
Kammerer and others (2004) found a baseline separation of 13 anthocyanins within 33 
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minutes; five anthocyanins were identified as 3-O-monoglucosides of delphinidin, 
cyanidin, petunidin, peonidin, and malvidin (peaks 1-5) as shown in the chromatogram in 
the appendix figure 3.8. Eight acylated anthocyanins were found (peaks 6-13); four peaks 
(peaks 6-9) were identified as 3-O-acetylglucosides of delphinidin, petunidin, peonidin 
and malvidin; peaks 10-13 were identified as 3-O-p-coumaroylglucosides of cyaniding, 
petunidin, peonidin, and malvidin. Due to limitations in our research laboratory, the 
anthocyanins were postulated based on retention time, elution order, peak area, and peak 
height. HPLC results could be compared to the results by Kammerer and others (2004) 
due to similarities in HPLC conditions and mobile phases. During the 8 week run of the 
Norton pomace extract there was an issue with the degasser and thus, some of the 
samples had too much headspace to be accurate, these were not usable. The change in 
peak areas and retention times were used as markers to correctly speculate the phenolic 
compound when compared to Kammerer and others (2004) chromatograms. 
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Table 4.8 Comparison of Average Postulated Compounds for Adam Puchta Norton 
Pomace Week 1 and  Week 8 
Avg. Retention Time 
(min) 
Δ Ret Time 
(min) 
Speculated 
Compound Avg. Peak Area (MaU*s) 
Δ Peak Area 
MaU*s) 
week 1 week 8     week 1 week 8   
17.561 19.051 -0.474 del 3-O-glc 14754.041 3299.251 -24071.213 
20.188 20.744 0.333 cya 3-O-glc 22650.389 3283.053 -26687.571 
21.645 20.479 1.166 pet 3-O-glc 10350.543 6732.958 -3617.585 
23.756 22.464 1.292 peo 3-O-glc 15160.334 6412.498 -8747.836 
25.165 24.127 1.038 mal 3-O-glc 11416.697 3649.302 -7767.395 
26.049 24.824 1.225 del 3-O-acglc 5498.113 2257.330 -3240.784 
26.533 25.722 -0.115 pet 3-O-acglc 3397.789 2814.649 -452.704 
27.225 26.447 -0.162 peo 3-O-acglc 4299.074 4406.424 1191.365 
28.983 nd nd mal 3-O-acglc 3296.641 nd nd 
nd nd nd cya 3-O-pcmglc nd nd nd 
27.911 nd nd pet 3-O-pcmglc 173.985 nd nd 
30.404 28.126 2.279 peo 3-O-pcmglc 1128.237 771.689 -356.548 
31.307 29.035 2.272 mal 3-O-pcmglc 5101.910 3774.196 -1327.715 
Note: del, delphinidin; cya, cyanidin; pet, petunidin; peo, peonidin; mal, malvidin; glc, glucose; ac, acetyl; 
pcm, p-coumaroyl; nd, not detected. 
Cyanidin-3-O-glucoside, peonidin 3-O-glucoside, and malvidin 3-O-glucoside, 
respectively, were the most abundant anthocyanins for Adam Puchta during week 1. 
During week 1, 12 out 13 of the compounds were identified. Adam Puchta Norton 
pomace extract had the relatively large peak heights and areas for all compounds 
speculated when compared to the other wineries’ in this study. Based on L*a*b* values 
all Adam Puchta dye colored yogurt samples were more dark (more black, red, and blue 
present) when compared to the other wineries’. During week 8 petunidin 3-O-glucoside, 
peonidin 3-O-glucoside, and cyanidin-3-O-glucoside were the most abundant compounds 
present. Also during week 8 less compounds were identified (10 out of 13). This change 
was hypothesized to be due to sample deterioration, or that the compounds were not 
present in a detectable quantity by week 8.  
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Table 4.9 Comparison of Average Postulated Compounds for Les Bourgeois Norton 
Pomace Week 1 and  Week 8 
Avg. Retention Time 
(min) 
Δ Ret Time 
(min) 
Speculated 
Compound Avg. Peak Area (MaU*s) 
Δ Peak Area 
MaU*s) 
week 1 week 8     week 1 week 8   
16.561 14.466 2.095 del 3-O-glc 1732.217 1982.460 250.243 
19.344 16.566 2.778 cya 3-O-glc 3203.059 3779.421 576.362 
20.547 19.093 1.454 pet 3-O-glc 2518.609 2420.828 -97.781 
18.466 20.118 2.742 peo 3-O-glc 4220.805 2561.769 -831.205 
20.052 18.556 1.496 mal 3-O-glc 14563.248 1136.404 -13426.843 
17.313 17.284 0.029 del 3-O-acglc 2645.929 2969.585 -323.656 
21.946 21.102 0.844 pet 3-O-acglc 2920.168 1487.810 -1432.358 
25.334 22.205 1.774 peo 3-O-acglc 764.418 2037.147 206.855 
23.045 23.338 -0.294 mal 3-O-acglc 2051.432 1620.711 -430.721 
23.728 24.179 -0.451 cya 3-O-pcmglc 1686.117 401.524 -1284.593 
25.080 24.786 0.294 pet 3-O-pcmglc 1905.785 635.698 -1270.087 
26.134 26.140 -0.005 peo 3-O-pcmglc 2216.006 343.259 -1872.747 
27.263 26.816 0.447 mal 3-O-pcmglc 1463.712 661.297 -802.415 
Note: del, delphinidin; cya, cyanidin; pet, petunidin; peo, peonidin; mal, malvidin; glc, glucose; ac, acetyl; 
pcm, p-coumaroyl; nd, not detected. 
Les Bourgeois pomace extract’s peak heights and peak areas coincided with previous 
studies by Kammerer and others. The compounds were postulated using retention time, 
peak area and peak height and chromatogram shape. All 13 compounds were identified 
for week 1 and week 8. malvidin 3-O-glucoside had the greatest peak height and area and 
was therefore more abundant than the other compounds during week 1. Les Bourgeois 
also displayed a more purple hue than the other wineries extracts, this was supported by 
Les Bourgeois’ a* value and b* being moderately low in comparison to the other 
wineries.  By week 8 cyanidin 3-O-glucoside was the most abundant; the compounds 
peaks were all smaller in height and area as expected. Les Bourgeois had the largest 
peaks and speculative anthocyanin content. 
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Table 4.10 Comparison of Average Postulated Compounds for Mizzou Norton 
Pomace Week 1 and Week 8 
Retention Time 
(min) 
Δ Ret Time 
(min) 
Speculated 
Compound Peak Area (MaU*s) 
Δ Peak Area 
MaU*s) 
week 1 week 8     week 1 week 8   
17.274 17.542 -0.268 del 3-O-glc 1937.495 3217.815 1280.320 
17.766 19.795 -2.029 cya 3-O-glc 930.555 2886.736 1956.182 
20.394 21.644 -1.251 pet 3-O-glc 1822.646 1347.670 -474.976 
22.194 22.719 -0.526 peo 3-O-glc 6475.331 1979.340 -4495.992 
24.523 24.025 0.498 mal 3-O-glc 7398.952 2952.099 -4446.853 
25.159 24.231 0.928 del 3-O-acglc 5802.000 130.944 -5671.056 
26.148 24.725 1.214 pet 3-O-acglc 1547.247 249.141 -104.039 
26.817 25.393 0.934 peo 3-O-acglc 3909.500 2001.787 -615.254 
27.607 27.172 0.435 mal 3-O-acglc 1052.536 538.680 -513.857 
28.248 28.199 0.049 cya 3-O-pcmglc 2947.559 1512.675 -1434.884 
28.555 27.144 1.411 pet 3-O-pcmglc 17.196 1621.953 1604.757 
30.670 29.861 -0.418 peo 3-O-pcmglc 422.647 225.333 -184.261 
31.402 30.861 -0.757 mal 3-O-pcmglc 3843.688 1968.299 -1626.400 
Note: del, delphinidin; cya, cyanidin; pet, petunidin; peo, peonidin; mal, malvidin; glc, glucose; ac, acetyl; 
pcm, p-coumaroyl; nd, not detected. 
Mizzou Norton pomace extract followed the same trend as the previously mentioned 
wineries; during week 1 malvidin 3-O-glucoside and peonidin 3-O-glucoside were the 
most expressed peaks and by week 8 this had changed to express malvidin 3-O-glucoside 
and delphinidin 3-O-glucoside. All 13 compounds were identified by previously stated 
similarities to Kammerer and others study. 
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Table 4.11 Comparison of Average Postulated Compounds for Stone Hill Norton 
Pomace Week 1 and Week 8 
Retention Time 
(min) 
Δ Ret Time 
(min) 
Speculated 
Compound Peak Area (MaU*s) 
Δ Peak Area 
MaU*s) 
week 1 week 8     week 1 week 8   
17.891 16.511 3.117 del 3-O-glc 3309.555 4664.056 4070.413 
18.577 17.620 2.560 cya 3-O-glc 2714.031 6976.146 2549.057 
20.591 19.892 1.854 pet 3-O-glc 2470.810 5543.690 1929.332 
21.699 21.796 -0.097 peo 3-O-glc 2707.675 2895.566 187.892 
23.344 23.822 -0.477 mal 3-O-glc 5031.022 4365.849 -665.173 
24.488 23.945 1.321 del 3-O-acglc 1908.793 182.160 -2189.219 
24.697 25.488 -1.499 pet 3-O-acglc 1027.318 1049.848 713.541 
25.788 26.595 -0.807 peo 3-O-acglc 1836.347 1506.945 -329.402 
26.516 27.606 -1.090 mal 3-O-acglc 1942.494 1442.041 500.453 
27.083 nd nd cya 3-O-pcmglc 200.701 nd nd 
28.605 28.562 0.977 pet 3-O-pcmglc 147.875 675.158 645.567 
29.012 30.927 0.615 peo 3-O-pcmglc 782.076 797.221 -15.146 
30.008 32.033 0.473 mal 3-O-pcmglc 2152.480 1571.068 -581.413 
Note: del, delphinidin; cya, cyanidin; pet, petunidin; peo, peonidin; mal, malvidin; glc, glucose; ac, acetyl; 
pcm, p-coumaroyl; nd, not detected. 
Malvidin 3-O-glucoside had the greatest peak area and height during week 1 of the study 
for Stone Hill’s Norton pomace extract. Cyanindin-3-O-glucoside was the greatest peak 
area and height for week 8. Also, cyanidin-3-O-p-coumarylglucoside was not determined 
for any Stone Hill winery samples.  
In all wineries there was a trend that malvidin-3-O-glucoside was the predominant 
compound, though peonidin-3-O-glucoside closely followed. Differences were seen in 
each wineries Norton pomace extract. This could be due to the grapes coming from 
different wineries and possibly vastly different processes and microbial climates. The 
visible difference in color concentration is thought to be due to this as well. Norton grape 
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pomace contained a fair amount of, the more stable, acylated anthocyanins and could be a 
promising source of anthocyanins for low acid food applications. 
4.5 Adam’s Assay Results 
After the standard curve for the determination of catechin equivalents was computed (See 
appendix figure 2.17. The absorbance, y-intercept and slope were used to calculate tannin 
concentration.  
Table 4.12  Average Tannin Content of Norton Pomace Extract 
Winery 
Average Tannin  
Content (mg/L) CE 
Standard Deviation 
Les Bourgeois 61.03 a 2.97 
Mizzou 52.61 a 3.36 
Adam Puchta 51.93a 4.79 
Stone Hill 46.67 a 3.52 
Means with the same letter are not significantly different. 
Based on a one way ANOVA and Tukey’s HSD test the average tannin content for all 
wineries in this study were not significantly different at alpha 5% (See appendix table 
1.26 and table 1.27).  Tannins are partially responsible for the brown pigments and 
astringency in wines. While no significant differences were found, Les Bourgeois’s 
extract visually appeared browner after extraction and concentration than those of the 
other wineries.  There is large standard deviation between the wineries studied. This is 
thought to be due to the small sample size see the appendix figure 2.18)  
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Table 4.13 Average Total Phenolic Content of Norton Pomace Extract 
Winery 
Average Total Phenolic  
Content (mg/L) CE 
Standard Deviation 
Les Bourgeois 2981.16 a 571.40 
Mizzou 1975.91a 666.58 
Stone Hill 1721.61a 906.00 
Adam Puchta 957.22 a 127.49 
Means with the same letter are not significantly different. 
Based on a one way ANOVA and Tukey’s HSD test the average total phenolic content 
for all wineries in this study were not significantly different at alpha 5% (See appendix 
table 1.28 and table 1.29).   Les Bourgeois’s pomace extract had the greatest phenolic 
content, which is in agreement with the anthocyanin analysis in this study, which are part 
of the total phenolics content. 
Table 4.14 Average Anthocyanin Content of Norton Pomace Extract 
Winery 
Average Anthocyanin 
Content (mg/L) CE 
Standard Deviation 
Les Bourgeois 129.27 a 
14.13 
Stone Hill 118.24 a 
11.91 
Adam Puchta 107.35 a 
8.31 
Mizzou 70.15 a 
30.92 
Means with the same letter are not significantly different. 
Based on a one way ANOVA and Tukey’s HSD test the average total anthocyanin 
content for all wineries in this study were not significantly different at alpha 5% (See 
appendix table 1.30 and table 1.31).   However, Les Bourgeois’s pomace extract seemed 
to have the greatest anthocyanin content, which again is supported by the HPLC analysis. 
The overall phenolic content of pomace differs between regions as well as wineries, 
which could be due to climate, soils, sun exposure etc. It is important to state that while 
the results were not statistically different for the purpose of this project. There could have 
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been practical difference due to the small sample size and large standard deviations 
presented (see appendix figure 2.17 through figure 2.19). Depending on what information 
one was seeking the deviations in tannin, anthocyanin, and total phenolic content could 
be significant (ei. a study of regional similarities).  
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CHAPTER 5 
SUMMARY AND CONCLUSION 
Extraction and concentration are reproducible if exact grams are weighed accurately for 
solute (grape pomace) and solvent (acidified methanol). Based on the results of this 
experiment it can be concluded that acidified methanol extracted anthocyanin dye is color 
stable for up to 5 weeks in Greek yogurt because between week 5 and week 6 there was a 
significant difference in L* values and b* values. It is noted that the shelf life of Greek 
yogurt is 4 weeks. When added to plain Greek yogurt the anthocyanin dye’s L* value and 
b*value increased from week 1 to week 6 suggesting that over time the dye becomes 
whiter and more yellow whereas a* values decreased from week 1 to 6 suggesting the 
dye became more green. These results were verified with HPLC testing the resulted in a 
decrease in peak area’s and heights of speculated malvidin, delphinidin and peonidin in 
all wineries. The HPLC analysis of this study coincided with previous studies of red 
grape pomace and deep colored berries (Kammerer and others 2004). Past studies 
concluded that delphinidin and malvidin express a purple color in solution (Bakowska-
Barczak 2005), this research also found that to be evident. Norton pomace is a good 
source of phenolic compounds, such as tannins and anthocyanins. Though not 
(statistically) significantly different, Les Bourgeois had the largest anthocyanin content 
with respect to the wineries studied. 
5.1 Further Studies/Limitations 
Ethanol and food grade extraction assays are recommended for further studies. The dye 
should be applied to other food matrices as well to test color differentiation in different 
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pH ranges since anthocyanin color depends largely on the pH they are exposed to. There 
were limitations in this study, such as for future studies a larger number of pomace 
samples from each winery n would be ideal, a relationship with surrounding wineries and 
planning of harvest time is crucial. The color degradation test should be run for 8 to 10 
weeks to analyze a greater trend in color change over time. HPLC-MS analysis should be 
used to more definitively identify the anthocyanins present in the Norton dye, and 
anthocyanin standards need to be acquired to better quantify the compounds using 
external calibration curves.  Antioxidant activity of the yogurt could be monitored, and 
potential effects on microbial content of the yogurt could be monitored with respect to 
anthocyanin addition and color degradation. These variables would seem to work in 
synergy but the exact relationship is not clear at this point. Using a GRAS extractant 
would be recommended as well. There are many extraction methodologies that could be 
applied to allow for solvent and temperature optimization (Monrad and others 2010). 
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APPENDIX  
1. SAS/Minitab Data Tables 
1.1 Extraction Reproducibility 
In the following table the abbreviations are as follows: 
 M1/Sample 1  Les Bourgeois 
 M2/Sample 2  Stone Hill 
 M3/Sample 3  Adam Puchta 
 M4/Sample 4  Mizzou 
1.2 SAS Data for Color Degradation 
Abbreviations for the following tables are as follows: 
AP1 Adam Puchta Sample Set 1 
AP2 Adam Puchta Sample Set 2 
LB1 Les Bourgeois Sample Set 1 
LB2 Les Bourgeois Sample Set 2 
MU1 Mizzou Sample Set 1 
MU2 Mizzou Sample Set 2 
SH1 Stone Hill Sample Set 1 
SH2 Stone Hill Sample Set 2 
Table 1.1 SAS Table for L* values for weekly comparison (all wineries)                                                    
                                               Sum of 
        Source                      DF         Squares     Mean Square    F Value    Pr > 
F 
 
        Model                       53     16188.96946       305.45225       9.90    
<.0001 
 
        Error                      102      3148.19964        30.86470                      
 
        Corrected Total            155     19337.16910                                      
 
 
                       R-Square     Coeff Var      Root MSE    response Mean 
 
                       0.837194      8.582968      5.555601         64.72821 
 
 
        Source                      DF       Type I SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     15343.56825      1917.94603      62.14    
<.0001 
        Week                         5       152.87990        30.57598       0.99    
0.4273 
        Winery*week                 40       692.52130        17.31303       0.56    
0.9796 
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        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     15343.56825      1917.94603      62.14    
<.0001 
        Week                         5       139.23588        27.84718       0.90    
0.4828 
        Winery*week                 40       692.52130        17.31303       0.56    
0.9796 
 
                                     T Tests (LSD) for response 
 
 NOTE: This test controls the Type I comparison wise error rate, not the experiment wise 
error rate. 
 
 
                               Alpha                            0.05 
                               Error Degrees of Freedom          102 
                               Error Mean Square             30.8647 
                               Critical Value of t           1.98350 
                               Least Significant Difference   3.0563 
 
 
                    Means with the same letter are not significantly different. 
  
  
                            T Grouping          Mean      N    week 
 
                                     A        65.887     26    1    
                                     A                              
                                B    A        65.061     26    4    
                                B    A                              
                                B    A        65.029     26    5    
                                B    A                              
                                B    A        64.937     26    3    
                                B    A                              
                                B    A        64.798     26    2    
                                B                                   
                                B             62.657     26    6    
 
Table 1.2 SAS Table for L* value winery to winery comparison 
                                                Sum of 
        Source                      DF         Squares     Mean Square    F Value    Pr > 
F 
 
        Model                       70     17580.63557       251.15194      12.15    
<.0001 
 
        Error                       85      1756.53353        20.66510                      
 
        Corrected Total            155     19337.16910                                      
 
 
                       R-Square     Coeff Var      Root MSE    response Mean 
 
                       0.909163      7.023041      4.545888         64.72821 
 
 
        Source                      DF       Type I SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     15343.56825      1917.94603      92.81    
<.0001 
        Week                         5       152.87990        30.57598       1.48    
0.2050 
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        Winery*week                 40       692.52130        17.31303       0.84    
0.7291 
        Rep (winery)                 17      1391.66611        81.86271       3.96    
<.0001 
 
 
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     15343.56825      1917.94603      92.81    
<.0001 
        Week                         5       139.23588        27.84718       1.35    
0.2524 
        Winery*week                 40       692.52130        17.31303       0.84    
0.7291 
        Rep (winery)                 17      1391.66611        81.86271       3.96    
<.0001 
 
 
            Tests of Hypotheses Using the Type III MS for rep (winery) as an Error Term 
  
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     15343.56825      1917.94603      23.43    
<.0001 
 
 
 
                               Alpha                            0.05 
                               Error Degrees of Freedom           17 
                               Error Mean Square            81.86271 
                               Critical Value of t           2.10982 
                               Least Significant Difference   6.6229 
                               Harmonic Mean of Cell Sizes  16.61538 
 
                                  NOTE: Cell sizes are not equal. 
 
 
                    Means with the same letter are not significantly different. 
  
  
                    T Grouping          Mean      N    winery 
 
                             A        87.215     24    CONTROL               
                                                                            
                             B        65.351     12    Stone Hill 2 (SH2)   
                             B                                              
                             B        65.014     18    Stone Hill 1 (SH1)   
                             B                                              
                        C    B        61.484     18    Mizzou 2 (MU2)       
                        C    B                                              
                        C    B        60.661     18    Les Bourgeois 1 (LB1 
                        C    B                                              
                        C    B        59.362     12    Les Bourgeois 2 (LB2 
                        C    B                                              
                        C    B        58.912     18    Mizzou 1 (MU1)       
                        C                                                   
                        C             57.903     18    Adam Puchta 1 (AP1)  
                        C                                                   
                        C             57.574     18    Adam Puchta 2 (AP2)  
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Table 1.3 SAS Table for a* values for weekly comparison (all wineries)                                                  
Sum of 
        Source                      DF         Squares     Mean Square    F Value    Pr > 
F 
 
        Model                       53     3108.742903       58.655526      15.73    
<.0001 
 
        Error                      102      380.383858        3.729254                      
 
        Corrected Total            155     3489.126761                                      
 
 
                       R-Square     Coeff Var      Root MSE    response Mean 
 
                       0.890980      26.70448      1.931128         7.231474 
 
 
        Source                      DF       Type I SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     3083.420979      385.427622     103.35    
<.0001 
        Week                         5       18.858949        3.771790       1.01    
0.4150 
        Winery*week                 40        6.462974        0.161574       0.04    
1.0000 
 
 
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     3083.420979      385.427622     103.35    
<.0001 
        Week                         5       19.650347        3.930069       1.05    
0.3905 
        Winery*week                 40        6.462974        0.161574       0.04    
1.0000 
 
                                     T Tests (LSD) for response 
 
 NOTE: This test controls the Type I comparison wise error rate, not the experiment wise 
error rate. 
                               Alpha                            0.05 
                               Error Degrees of Freedom          102 
                               Error Mean Square            3.729254 
                               Critical Value of t           1.98350 
                               Least Significant Difference   1.0624 
 
 
                     Means with the same letter are not significantly different. 
  
  
                          T Grouping          Mean      N    week 
 
                                   A        7.8658     26    1    
                                   A                              
                                   A        7.4723     26    2    
                                   A                              
                                   A        7.2358     26    3    
                                   A                              
                                   A        6.9985     26    4    
                                   A                              
                                   A        6.9381     26    5    
                                   A                              
                                   A        6.8785     26    6    
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Table 1.4 SAS Table for a* value winery to winery comparison 
                                               Sum of 
Source                      DF         Squares     Mean Square    F Value    Pr > 
F 
 
        Model                       70     3471.124501       49.587493     234.13    
<.0001 
 
        Error                       85       18.002260        0.211791                      
 
        Corrected Total            155     3489.126761                                      
 
 
                       R-Square     Coeff Var      Root MSE    response Mean 
 
                       0.994840      6.363956      0.460208         7.231474 
 
        Source                      DF       Type I SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     3083.420979      385.427622    1819.85    
<.0001 
        Week                         5       18.858949        3.771790      17.81    
<.0001 
        Winery*week                 40        6.462974        0.161574       0.76    
0.8274 
        Rep(winery)                 17      362.381599       21.316565     100.65    
<.0001 
 
 
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     3083.420979      385.427622    1819.85    
<.0001 
        Week                         5       19.650347        3.930069      18.56    
<.0001 
        Winery*week                 40        6.462974        0.161574       0.76    
0.8274 
        Rep(winery)                 17      362.381599       21.316565     100.65    
<.0001 
 
 
            Tests of Hypotheses Using the Type III MS for rep(winery) as an Error Term 
  
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     3083.420979      385.427622      18.08    
<.0001 
 
                               Alpha                            0.05 
                               Error Degrees of Freedom           17 
                               Error Mean Square            21.31656 
                               Critical Value of t           2.10982 
                               Least Significant Difference   3.3796 
                               Harmonic Mean of Cell Sizes  16.61538 
 
                                  NOTE: Cell sizes are not equal. 
 
 
                    Means with the same letter are not significantly different. 
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                    T Grouping          Mean      N    winery 
 
                             A        10.372     18    Adam Puchta 2 (AP2)  
                             A                                              
                             A        10.291     18    Adam Puchta 1 (AP1)  
                             A                                              
                        B    A         9.959     18    Mizzou 1 (MU1)       
                        B    A                                              
                        B    A         9.919     18    Mizzou 2 (MU2)       
                        B    A                                              
                        B    A         8.953     18    Les Bourgeois 1 (LB1 
                        B    A                                              
                        B    A         8.333     12    Les Bourgeois 2 (LB2 
                        B                                                   
                        B              6.904     18    Stone Hill 1 (SH1)   
                        B                                                   
                        B              6.609     12    Stone Hill 2 (SH2)   
                                                                            
                             C        -2.766     24    CONTROL               
Table 1.5 SAS Table for b* value s for weekly comparison (all wineries)                     
Source                      DF         Squares     Mean Square    F Value    Pr > 
F 
 
        Model                       53     2076.392286       39.177213      11.19    
<.0001 
 
        Error                      102      357.001450        3.500014                      
 
        Corrected Total            155     2433.393736                                      
 
 
                       R-Square     Coeff Var      Root MSE    response Mean 
 
                       0.853291     -291849.9      1.870832        -0.000641 
 
 
        Source                      DF       Type I SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     2039.522628      254.940328      72.84    
<.0001 
        Week                         5       27.191036        5.438207       1.55    
0.1800 
        Winery*week                 40        9.678622        0.241966       0.07    
1.0000 
 
 
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     2039.522628      254.940328      72.84    
<.0001 
        Week                         5       28.883231        5.776646       1.65    
0.1535 
        Winery*week                 40        9.678622        0.241966       0.07    
1.0000 
 
                                     T Tests (LSD) for response 
 
 NOTE: This test controls the Type I comparison wise error rate, not the experiment wise 
error rate. 
 
 
                               Alpha                            0.05 
                               Error Degrees of Freedom          102 
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                               Error Mean Square            3.500014 
                               Critical Value of t           1.98350 
                               Least Significant Difference   1.0292 
 
 
                    Means with the same letter are not significantly different. 
  
  
                            T Grouping          Mean      N    week 
 
                                     A        0.5096     26    6    
                                     A                              
                                     A        0.3396     26    5    
                                     A                              
                                B    A        0.1800     26    4    
                                B    A                              
                                B    A        0.0000     26    3    
                                B    A                              
                                B    A       -0.2877     26    2    
                                B                                   
                                B            -0.7454     26    1    
Table 1.6 SAS Table for b* value winery to winery comparison 
                                               Sum of 
Source                      DF         Squares     Mean Square    F Value    Pr > 
F 
 
        Model                       70     2424.850928       34.640728     344.67    
<.0001 
 
        Error                       85        8.542808        0.100504                      
 
        Corrected Total            155     2433.393736                                      
 
 
                       R-Square     Coeff Var      Root MSE    response Mean 
 
                       0.996489     -49455.60      0.317023        -0.000641 
 
 
        Source                      DF       Type I SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     2039.522628      254.940328    2536.63    
<.0001 
        Week                         5       27.191036        5.438207      54.11    
<.0001 
        Winery*week                 40        9.678622        0.241966       2.41    
0.0004 
        Rep(winery)                 17      348.458642       20.497567     203.95    
<.0001 
 
 
        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     2039.522628      254.940328    2536.63    
<.0001 
        Week                         5       28.883231        5.776646      57.48    
<.0001 
        Winery*week                 40        9.678622        0.241966       2.41    
0.0004 
        Rep(winery)                 17      348.458642       20.497567     203.95    
<.0001 
 
 
            Tests of Hypotheses Using the Type III MS for rep(winery) as an Error Term 
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        Source                      DF     Type III SS     Mean Square    F Value    Pr > 
F 
 
        Winery                       8     2039.522628      254.940328      12.44    
<.0001  
  
                               Alpha                            0.05 
                               Error Degrees of Freedom           17 
                               Error Mean Square            20.49757 
                               Critical Value of t           2.10982 
                               Least Significant Difference    3.314 
                               Harmonic Mean of Cell Sizes  16.61538 
 
                                  NOTE: Cell sizes are not equal. 
 
 
                    Means with the same letter are not significantly different. 
  
  
                    T Grouping          Mean      N    winery 
 
                             A         7.720     24    CONTROL               
                                                                            
                             B         1.224     18    Stone Hill 1 (SH1)   
                             B                                              
                             B         1.133     12    Stone Hill 2 (SH2)   
                             B                                              
                        C    B        -0.455     12    Les Bourgeois 2 (LB2 
                        C    B                                              
                        C    B        -1.028     18    Les Bourgeois 1 (LB1 
                        C                                                   
                        C             -2.437     18    Mizzou 2 (MU2)       
                        C                                                   
                        C             -2.460     18    Mizzou 1 (MU1)       
                        C                                                   
                        C             -3.019     18    Adam Puchta 2 (AP2)  
                        C                                                   
                        C             -3.032     18    Adam Puchta 1 (AP1)  
1.2 Minitab Data for Color Degradation 
Abbreviations for the following tables are as follows: 
L1 L* value for week 1 
L2 L* value for week 2 
L3 L* value for week 3 
L4 L* value for week 4 
L5 L* value for week 5 
L6 L* value for week 6 
A1 a*value for week 1 
A2 a*value for week 2 
A3  a* value for 
week 3 
A4  a* value for 
week 4 
A5  a* value for 
week 5 
A6  a* value for 
week 6 
B1  b* value for 
week 1 
B2  b* value for 
week 2 
B3  b* value for 
week 3 
B4  b* value for 
week 4 
B5  b* value for 
week 5 
B6  b* value for 
week 6 
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Table 1.7 Minitab Table for L* Pearson Correlation week 1-6 (week to week 
comparison) 
 
 
ANOVA: L1, L2, L3, L4, L5 versus L6 
Factor Type Levels 
L6 fixed 17 
Factor  Values 
L6  56.93, 57.24, 59.41, 59.92, 60.02, 60.85, 61.04, 61.22, 61.36, 61.62, 63.80, 
63.97, 64.41, 64.66, 66.38, 67.64, 68.12 
 
Analysis of Variance for L1 
Source DF SS  MS  F  P 
L6 16 236.169 14.761 1.67 0.251 
Error 7 61.739 8.820 
Total 23 297.908 
S = 2.96981 R-Sq = 79.28% R-Sq(adj) = 31.91%    
 
   L1    L2    L3    L4    L5    L6  
L2 0.958 
   0.000 
L3 0.962 0.954 
   0.000 0.000 
L4 0.982 0.965 0.979 
   0.000 0.000 0.000 
L5 0.933 0.906 0.927 0.930 
   0.000 0.000 0.000 0.000 
L6 0.672 0.627 0.653 0.633 0.666 
   0.000 0.001 0.001 0.001 0.000 
 
The first line is Pearson’s r value and the second line is the probability. 
If r =  
+.70 or higher  Very strong positive relationship  
+.40 to +.69  Strong positive relationship  
+.30 to +.39  Moderate positive relationship  
+.20 to +.29  weak positive relationship  
+.01 to +.19  No or negligible relationship  
-.01 to -.19  No or negligible relationship  
-.20 to -.29  weak negative relationship  
-.30 to -.39  Moderate negative relationship  
-.40 to -.69  Strong negative relationship  
-.70 or higher  Very strong negative relationship 
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Table 1.8 Minitab Table for a* Pearson Correlation week 1-6 (week to week 
comparison) 
   
 
 A1    A2    A3    A4    A5    A6 
A2 0.986 
   0.000 
A3 0.981 0.996 
   0.000 0.000 
A4 0.981 0.985 0.990 
   0.000 0.000 0.000 
A5 0.962 0.965 0.971 0.980 
   0.000 0.000 0.000 0.000  
A6 0.898 0.920 0.941 0.944 0.928 
   0.000 0.000 0.000 0.000 0.000  
 
The first line is Pearson’s r value and the second line is the probability. 
If r =  
+.70 or higher  Very strong positive relationship  
+.40 to +.69  Strong positive relationship  
+.30 to +.39  Moderate positive relationship  
+.20 to +.29  weak positive relationship  
+.01 to +.19  No or negligible relationship  
-.01 to -.19  No or negligible relationship  
-.20 to -.29  weak negative relationship  
-.30 to -.39  Moderate negative relationship  
-.40 to -.69  Strong negative relationship  
-.70 or higher  Very strong negative relationship 
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Table 1.9 Minitab Table for b* Pearson Correlation week 1-6 (week to week 
comparison) 
 
 
 
 
   B1    B2    B3    B4    B5    B6 
B1  0.834 
   0.000 
B2  0.813 0.995 
0.000 0.000 
B3  0.811 0.990 0.997 
0.000 0.000 0.000 
B4  0.826 0.988 0.994 0.998 
0.000 0.000 0.000 0.000 
B5  0.835 0.986 0.992 0.995 0.999 
0.000 0.000 0.000 0.000 0.000 
B6  0.851 0.986 0.989 0.990 0.996 0.998 
0.000 0.000 0.000 0.000 0.000 0.000 
 
The first line is Pearson’s r value and the second line is the probability. 
If r =  
+.70 or higher  Very strong positive relationship  
+.40 to +.69  Strong positive relationship  
+.30 to +.39  Moderate positive relationship  
+.20 to +.29  weak positive relationship  
+.01 to +.19  No or negligible relationship  
-.01 to -.19  No or negligible relationship  
-.20 to -.29  weak negative relationship  
-.30 to -.39  Moderate negative relationship  
-.40 to -.69  Strong negative relationship  
-.70 or higher  Very strong negative relationship 
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Table 1.10 Postulated Compounds for Sample 2 Adam Puchta Norton Pomace Week 
1 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
16.545 delphinidin 3-O-glucoside 2137.617 25.181 0.955 9 
19.299 cyanidin 3-O-glucoside 15330.154 129.185 6.850 10 
20.601 petunidin 3-O-glucoside 2710.199 59.183 1.211 11 
22.895 peonidin 3-O-glucoside 16250.644 518.293 7.263 12 
24.408 malvidin 3-O-glucoside 14560.484 425.577 6.507 13 
25.402 delphinidin 3-O-acetylglucoside 5532.989 259.919 2.472 14 
25.607 petunidin 3-O-acetylglucoside 3267.353 226.259 1.459 15 
26.285 peonidin 3-O-acetylglucoside 5597.789 303.925 2.501 16 
Nd malvidin 3-O-acetylglucoside nd nd nd nd 
Nd cyanidin 3-O-p-coumaroylglucoside nd nd nd nd 
27.911 petunidin 3-O-p-coumaroylglucoside 173.985 13.899 0.078 17 
28.556 peonidin 3-O-p-coumaroylglucoside 1907.342 84.324 0.852 18 
29.184 malvidin 3-O-p-coumaroylglucoside 8093.199 352.953 3.616 19 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
 
Table 1.11 Postulated Compounds for Sample 2 Adam Puchta Norton Pomace Week 
8 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
nd delphinidin 3-O-glucoside nd nd nd nd 
nd cyanidin 3-O-glucoside nd nd nd nd 
18.010 petunidin 3-O-glucoside 11800.384 76.368 7.360 6 
21.514 peonidin 3-O-glucoside 11650.404 205.819 7.267 7 
24.217 malvidin 3-O-glucoside 6466.377 147.514 4.032 8 
25.061 delphinidin 3-O-acetylglucoside 3414.348 136.492 2.129 9 
25.722 petunidin 3-O-acetylglucoside 2814.649 117.617 1.755 10 
26.447 peonidin 3-O-acetylglucoside 4406.424 183.864 2.748 11 
nd malvidin 3-O-acetylglucoside nd nd nd nd 
nd cyanidin 3-O-p-coumaroylglucoside nd nd nd nd 
nd petunidin 3-O-p-coumaroylglucoside nd nd nd nd 
29.371 peonidin 3-O-p-coumaroylglucoside 1244.612 47.376 0.776 12 
30.384 malvidin 3-O-p-coumaroylglucoside 5966.987 236.883 3.721 13 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.12 Postulated Compounds for Sample 3 Adam Puchta Norton Pomace Week 
1 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
18.577 delphinidin 3-O-glucoside 27370.464 249.366 5.327 8 
21.077 cyanidin 3-O-glucoside 29970.624 217.003 5.833 9 
22.688 petunidin 3-O-glucoside 17990.887 210.240 3.500 10 
24.616 peonidin 3-O-glucoside 14070.024 255.027 2.738 11 
25.922 malvidin 3-O-glucoside 8272.909 189.388 1.610 12 
26.695 
delphinidin 3-O-
acetylglucoside 5463.237 126.878 1.063 13 
27.458 petunidin 3-O-acetylglucoside 3528.224 113.174 0.687 14 
28.165 peonidin 3-O-acetylglucoside 3000.359 87.602 0.584 15 
28.983 malvidin 3-O-acetylglucoside 3296.641 84.099 0.642 16 
Nd 
cyanidin 3-O-p-
coumaroylglucoside nd Nd nd Nd 
Nd 
petunidin 3-O-p-
coumaroylglucoside nd Nd nd Nd 
32.252 
peonidin 3-O-p-
coumaroylglucoside 349.132 14.729 0.068 17 
33.429 
malvidin 3-O-p-
coumaroylglucoside 2110.621 83.904 0.411 18 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
 
      Table 1.13 Postulated Compounds for Sample 3 Adam Puchta Norton Pomace Week 
8 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
19.051 delphinidin 3-O-glucoside 3299.251 59.557 2.787 6 
20.744 cyanidin 3-O-glucoside 3283.053 109.738 2.773 7 
22.948 petunidin 3-O-glucoside 1665.532 59.580 1.407 9 
23.413 peonidin 3-O-glucoside 1174.592 55.640 0.992 10 
24.037 malvidin 3-O-glucoside 832.227 43.110 0.703 11 
24.586 
delphinidin 3-O-
acetylglucoside 1100.311 56.229 0.929 12 
Nd petunidin 3-O-acetylglucoside nd Nd nd Nd 
Nd peonidin 3-O-acetylglucoside nd Nd nd Nd 
Nd malvidin 3-O-acetylglucoside nd Nd nd Nd 
Nd 
cyanidin 3-O-p-
coumaroylglucoside nd Nd nd Nd 
Nd 
petunidin 3-O-p-
coumaroylglucoside nd Nd nd Nd 
26.880 
peonidin 3-O-p-
coumaroylglucoside 298.766 16.754 0.252 13 
27.685 
malvidin 3-O-p-
coumaroylglucoside 1581.404 79.595 1.336 14 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.14 Postulated Compounds for Sample 2 Les Bourgeois Norton Pomace 
Week 1 
Retentio
n Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) 
Peak 
# 
nd delphinidin 3-O-glucoside nd nd nd nd 
nd cyanidin 3-O-glucoside nd nd nd nd 
nd petunidin 3-O-glucoside nd nd nd nd 
14.072 peonidin 3-O-glucoside 5048.635 77.270 2.410 7 
15.950 malvidin 3-O-glucoside 24750.360 508.971 11.819 8 
17.313 delphinidin 3-O-acetylglucoside 2645.929 50.109 1.263 9 
18.919 petunidin 3-O-acetylglucoside 5604.557 65.470 2.676 10 
nd peonidin 3-O-acetylglucoside nd nd nd nd 
20.293 malvidin 3-O-acetylglucoside 2709.577 60.078 1.294 11 
21.050 cyanidin 3-O-p-coumaroylglucoside 2332.024 62.127 1.113 12 
22.433 petunidin 3-O-p-coumaroylglucoside 3258.478 56.536 1.556 13 
23.359 peonidin 3-O-p-coumaroylglucoside 3787.131 73.020 1.808 14 
24.748 malvidin 3-O-p-coumaroylglucoside 1776.653 90.710 0.848 15 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
Table 1.15 Postulated Compounds for Sample 2 Les Bourgeois Norton Pomace 
Week 8 
Retention 
Time (min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) 
Area 
(%) Peak # 
nd delphinidin 3-O-glucoside nd nd nd Nd 
nd cyanidin 3-O-glucoside nd nd nd nd 
nd petunidin 3-O-glucoside nd nd nd nd 
nd peonidin 3-O-glucoside nd nd nd nd 
15.486 malvidin 3-O-glucoside 285.906 9.191 0.174 8 
17.284 delphinidin 3-O-acetylglucoside 2969.585 32.478 1.805 9 
19.718 petunidin 3-O-acetylglucoside 2699.791 34.215 1.641 10 
20.850 peonidin 3-O-acetylglucoside 3516.730 48.819 2.138 11 
22.750 malvidin 3-O-acetylglucoside 2813.686 53.379 1.711 12 
23.890 cyanidin 3-O-p-coumaroylglucoside 87.187 5.936 0.053 13 
24.605 petunidin 3-O-p-coumaroylglucoside 841.649 20.403 0.512 14 
25.258 peonidin 3-O-p-coumaroylglucoside 429.470 19.615 0.261 15 
25.780 malvidin 3-O-p-coumaroylglucoside 702.758 35.682 0.427 16 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.16 Postulated Compounds for Sample 3 Les Bourgeois Norton Pomace 
Week 1 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) 
Area 
(%) 
Peak 
# 
16.561 delphinidin 3-O-glucoside 1732.217 17.121 0.902 10 
19.344 cyanidin 3-O-glucoside 3203.059 44.649 1.668 11 
20.547 petunidin 3-O-glucoside 2518.609 33.191 1.311 12 
22.860 peonidin 3-O-glucoside 3392.974 68.826 1.767 13 
24.153 malvidin 3-O-glucoside 4376.135 136.155 2.278 14 
Nd delphinidin 3-O-acetylglucoside Nd Nd nd nd 
24.972 petunidin 3-O-acetylglucoside 235.778 17.747 0.123 15 
25.334 peonidin 3-O-acetylglucoside 764.418 35.661 0.398 16 
25.796 malvidin 3-O-acetylglucoside 1393.286 65.236 0.725 17 
26.405 cyanidin 3-O-p-coumaroylglucoside 1040.21 46.351 0.542 18 
27.726 petunidin 3-O-p-coumaroylglucoside 553.092 9.831 0.288 19 
28.909 peonidin 3-O-p-coumaroylglucoside 644.881 14.382 0.336 20 
29.777 malvidin 3-O-p-coumaroylglucoside 1150.77 47.760 0.599 21 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
Table 1.17 Postulated Compounds for Sample 3 Les Bourgeois Norton Pomace 
Week 8 
Retentio
n Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) 
Peak 
# 
14.466 delphinidin 3-O-glucoside 1982.46 32.223 1.299 8 
16.566 cyanidin 3-O-glucoside 3779.421 33.359 2.476 9 
19.093 petunidin 3-O-glucoside 2420.828 30.95 1.586 10 
20.118 peonidin 3-O-glucoside 2561.769 44.647 1.678 11 
21.625 malvidin 3-O-glucoside 1986.902 49.953 1.302 12 
nd delphinidin 3-O-acetylglucoside nd nd nd Nd 
22.486 petunidin 3-O-acetylglucoside 275.829 8.825 0.181 13 
23.56 peonidin 3-O-acetylglucoside 557.563 20.167 0.365 14 
23.926 malvidin 3-O-acetylglucoside 427.735 21.584 0.28 15 
24.467 cyanidin 3-O-p-coumaroylglucoside 715.861 38.523 0.469 16 
24.967 
petunidin 3-O-p-
coumaroylglucoside 429.747 22.485 0.282 17 
27.021 peonidin 3-O-p-coumaroylglucoside 257.047 8.869 0.168 18 
27.851 malvidin 3-O-p-coumaroylglucoside 619.835 29.781 0.406 19 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.18 Postulated Compounds for Sample 2 Mizzou Norton Pomace Week 1 
Retention 
Time (min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
nd delphinidin 3-O-glucoside nd Nd nd nd 
16.873 cyanidin 3-O-glucoside 614.657 7.631 0.302 13 
19.680 petunidin 3-O-glucoside 1171.488 25.523 0.576 14 
21.519 peonidin 3-O-glucoside 7136.331 88.702 3.510 15 
24.224 malvidin 3-O-glucoside 6605.221 318.441 3.249 16 
25.159 
delphinidin 3-O-
acetylglucoside 5802.000 227.432 2.854 17 
25.939 
petunidin 3-O-
acetylglucoside 145.102 9.886 0.071 18 
26.327 
peonidin 3-O-
acetylglucoside 1386.533 83.963 0.682 19 
26.541 
malvidin 3-O-
acetylglucoside 1143.709 76.567 0.563 20 
27.148 
cyanidin 3-O-p-
coumaroylglucoside 2705.374 146.074 1.308 21 
28.555 
petunidin 3-O-p-
coumaroylglucoside 17.196 1.178 0.008 22 
29.443 
peonidin 3-O-p-
coumaroylglucoside 409.594 20.082 0.202 23 
30.104 
malvidin 3-O-p-
coumaroylglucoside 3594.699 167.328 1.768 24 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
 
 
 
 
Table 1.19 Postulated Compounds for Sample 2 Mizzou Norton Pomace Week 8 
Retention 
Time (min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
Nd delphinidin 3-O-glucoside nd Nd Nd Nd 
17.899 cyanidin 3-O-glucoside 2904.626 26.329 2.000 8 
20.390 petunidin 3-O-glucoside 2009.802 25.524 1.384 9 
21.567 peonidin 3-O-glucoside 3574.354 67.197 2.462 10 
23.327 malvidin 3-O-glucoside 4361.675 157.848 3.004 11 
24.231 
delphinidin 3-O-
acetylglucoside 130.944 5.707 0.090 12 
24.725 
petunidin 3-O-
acetylglucoside 249.141 11.335 0.172 13 
25.393 
peonidin 3-O-
acetylglucoside 2001.787 74.971 1.379 14 
25.936 
malvidin 3-O-
acetylglucoside 822.509 42.144 0.567 15 
26.541 
cyanidin 3-O-p-
coumaroylglucoside 730.630 38.109 0.503 16 
27.144 
petunidin 3-O-p-
coumaroylglucoside 1621.953 79.714 1.117 17 
29.861 
peonidin 3-O-p-
coumaroylglucoside 225.333 10.165 0.155 18 
30.861 
malvidin 3-O-p-
coumaroylglucoside 1968.299 86.602 1.356 19 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.20 Postulated Compounds for Sample 3 Mizzou Norton Pomace Week 1 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
17.274 delphinidin 3-O-glucoside 1937.495 28.482 1.211 6 
18.658 cyanidin 3-O-glucoside 1246.452 25.502 0.779 7 
21.107 petunidin 3-O-glucoside 2473.804 40.239 1.546 8 
22.868 peonidin 3-O-glucoside 5814.331 95.766 3.635 9 
24.821 malvidin 3-O-glucoside 8192.683 322.348 5.121 10 
nd delphinidin 3-O-acetylglucoside nd nd nd nd 
26.356 petunidin 3-O-acetylglucoside 2949.391 101.296 1.844 11 
27.307 peonidin 3-O-acetylglucoside 6432.466 198.119 4.021 12 
28.673 malvidin 3-O-acetylglucoside 961.363 48.073 0.601 14 
29.348 cyanidin 3-O-p-coumaroylglucoside 3189.744 159.751 1.994 15 
nd petunidin 3-O-p-coumaroylglucoside nd nd nd nd 
31.897 peonidin 3-O-p-coumaroylglucoside 435.700 23.817 0.272 16 
32.700 malvidin 3-O-p-coumaroylglucoside 4092.676 212.981 2.558 17 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
 
Table 1.21 Postulated Compounds for Sample 3 Mizzou Norton Pomace Week 8 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
17.542 delphinidin 3-O-glucoside 3217.815 33.913 1.805 8 
21.690 cyanidin 3-O-glucoside 2868.846 39.535 1.609 9 
22.898 petunidin 3-O-glucoside 685.537 18.109 0.385 10 
23.871 peonidin 3-O-glucoside 384.325 12.103 0.216 11 
24.722 malvidin 3-O-glucoside 1542.524 48.931 0.856 12 
nd delphinidin 3-O-acetylglucoside nd nd nd nd 
nd petunidin 3-O-acetylglucoside nd nd nd nd 
nd peonidin 3-O-acetylglucoside nd nd nd nd 
28.408 malvidin 3-O-acetylglucoside 254.850 7.909 0.143 13 
29.857 cyanidin 3-O-p-coumaroylglucoside 2294.720 71.57 1.287 14 
nd petunidin 3-O-p-coumaroylglucoside nd nd nd nd 
nd peonidin 3-O-p-coumaroylglucoside nd nd nd nd 
nd malvidin 3-O-p-coumaroylglucoside nd nd nd nd 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.22 Postulated Compounds for Sample 1 Stone Hill Norton Pomace Week 1 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
17.891 delphinidin 3-O-glucoside 3309.555 39.795 1.750 7 
20.180 cyanidin 3-O-glucoside 4427.089 62.2753 2.341 8 
21.746 petunidin 3-O-glucoside 3614.358 67.914 1.911 9 
22.829 peonidin 3-O-glucoside 4079.879 80.89 2.157 10 
24.254 malvidin 3-O-glucoside 7271.649 276.672 3.845 11 
25.266 delphinidin 3-O-acetylglucoside 2371.379 67.602 1.254 12 
nd petunidin 3-O-acetylglucoside nd nd nd nd 
26.425 peonidin 3-O-acetylglucoside 2851.814 120.979 1.508 13 
27.285 malvidin 3-O-acetylglucoside 2898.660 121.79 1.533 15 
nd cyanidin 3-O-p-coumaroylglucoside nd nd nd nd 
28.605 petunidin 3-O-p-coumaroylglucoside 147.875 7.999 0.078 16 
29.452 peonidin 3-O-p-coumaroylglucoside 1073.482 34.321 0.568 17 
30.140 malvidin 3-O-p-coumaroylglucoside 2871.552 124.414 1.518 18 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
       
Table 1.23 Postulated Compounds for Sample 1 Stone Hill Norton Pomace Week 8 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
14.774 delphinidin 3-O-glucoside 7379.968 53.525 4.140 7 
17.620 cyanidin 3-O-glucoside 6976.146 64.735 3.9138 8 
19.892 petunidin 3-O-glucoside 5543.690 60.699 3.110 9 
21.020 peonidin 3-O-glucoside 5129.033 77.390 2.8775 10 
22.960 malvidin 3-O-glucoside 7449.395 180.287 4.179 11 
23.945 delphinidin 3-O-acetylglucoside 182.160 11.166 0.102 12 
24.780 petunidin 3-O-acetylglucoside 1785.918 49.219 1.002 13 
25.428 peonidin 3-O-acetylglucoside 2288.663 93.561 1.284 14 
26.512 malvidin 3-O-acetylglucoside 2482.407 97.394 1.3927 16 
nd cyanidin 3-O-p-coumaroylglucoside nd nd nd Nd 
27.628 petunidin 3-O-p-coumaroylglucoside 793.442 18.107 0.445 17 
28.837 peonidin 3-O-p-coumaroylglucoside 1394.048 33.324 0.782 18 
29.667 malvidin 3-O-p-coumaroylglucoside 2505.565 92.000 1.406 19 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.24 Postulated Compounds for Sample 2 Stone Hill Norton Pomace Week 1 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
nd delphinidin 3-O-glucoside nd nd nd Nd 
16.973 cyanidin 3-O-glucoside 1000.972 12.304 0.994 6 
19.435 petunidin 3-O-glucoside 1327.262 24.728 1.318 7 
20.569 peonidin 3-O-glucoside 1335.470 23.730 1.326 8 
22.434 malvidin 3-O-glucoside 2790.394 87.716 2.770 9 
23.710 delphinidin 3-O-acetylglucoside 1446.207 46.618 1.436 10 
24.697 petunidin 3-O-acetylglucoside 1027.318 48.77 1.020 11 
25.151 peonidin 3-O-acetylglucoside 820.880 41.259 0.815 12 
25.746 malvidin 3-O-acetylglucoside 986.328 48.662 0.979 13 
27.083 cyanidin 3-O-p-coumaroylglucoside 200.701 4.266 0.199 14 
nd petunidin 3-O-p-coumaroylglucoside nd nd nd Nd 
28.571 peonidin 3-O-p-coumaroylglucoside 490.669 11.812 0.487 15 
29.876 malvidin 3-O-p-coumaroylglucoside 1433.408 43.490 1.423 16 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
       
Table 1.25 Postulated Compounds for Sample 2 Stone Hill Norton Pomace Week 8 
Retention 
Time 
(min) Compound 
Peak Area 
(MaU*s) 
Height 
(MaU) Area (%) Peak # 
18.248 delphinidin 3-O-glucoside 1948.144 11.117 2.494 6 
nd cyanidin 3-O-glucoside nd nd nd Nd 
nd petunidin 3-O-glucoside nd nd nd Nd 
22.572 peonidin 3-O-glucoside 662.100 9.698 0.848 7 
24.683 malvidin 3-O-glucoside 1282.303 47.909 1.642 8 
nd delphinidin 3-O-acetylglucoside nd nd nd Nd 
26.196 petunidin 3-O-acetylglucoside 313..777 5.248 0.402 9 
27.762 peonidin 3-O-acetylglucoside 725.226 25.785 0.9286 11 
28.699 malvidin 3-O-acetylglucoside 401.675 15.191 0.5143 12 
nd cyanidin 3-O-p-coumaroylglucoside nd nd nd nd 
29.496 petunidin 3-O-p-coumaroylglucoside 556.874 20.508 0.713 13 
33.016 peonidin 3-O-p-coumaroylglucoside 200.395 6.318 0.257 14 
34.399 malvidin 3-O-p-coumaroylglucoside 636.570 24.494 0.815 15 
nd = none determined there was no coinciding peaks for these compounds when compared to 
previous studies. 
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Table 1.26 ANOVA of Tannin Content of Norton Pomace Extract   
Table 1.27 Tukey’s HSD Results of Tannin Content 
 
73 
 
Table 1.28 ANOVA of Total Phenolic Content of Norton Pomace Extract  
 
Table 1.29 Tukey’s HSD Results of Total Phenolic Content 
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Table 1.30 ANOVA of Total Anthocyanin Content of Norton Pomace Extract   
 
Table 1.31 Tukey’s HSD Results of Total Anthocyanin Content 
75 
 
Table 1.32 Average Pomace Weight (used to make extract) 
Winery Pomace Weight (g) ±SD 
Stone Hill 76.02±0.29a 
Mizzou 75.50±0.31ab 
Adam Puchta 75.38±0.27 b 
Les Bourgeois 75.29±0.09 ab 
Table 1.33 ANOVA of Extraction Reproducibility 
Table 1.34 Tukey’s HSD of Pomace Weight 
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Table 1.35 ANOVA and Tukey’s HSD for Extraction reproducibility of Norton 
Pomace (%) 
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Table 1.36 Average Large Polymeric Pigment  
Winery Average (AU) Standard Deviation 
Adam Puchta 1.439 1.627 
Stone Hill 2.955 0.440 
Mizzou 1.471 0.410 
Les Bourgeois 1.523 1.215 
Table 1.37 Average Small Polymeric Pigment  
Winery Average (AU) Standard Deviation 
Adam Puchta 
1.541 1.743 
Stone Hill 3.166 0.471 
Mizzou 1.576 0.439 
Les Bourgeois 
1.632 1.302 
Abbreviations for the following tables are as follows: 
AP1 Adam Puchta Sample Set 1 
AP2 Adam Puchta Sample Set 2 
LB1 Les Bourgeois Sample Set 1 
LB2 Les Bourgeois Sample Set 2 
MU1 Mizzou Sample Set 1 
MU2 Mizzou Sample Set 2 
SH1 Stone Hill Sample Set 1 
SH2 Stone Hill Sample Set 2 
Table 1.38 Adam’s Assay Reading A 
Winery Average Standard Deviation 
AP1 0.234 0.007 
AP2 0.372 0.031 
SH2 0.172 0.014 
MU1 0.176 0.007 
MU2 0.197 0.020 
LB1 0.302 0.022 
LB2 0.408 0.036 
BLANK -0.007 0.000 
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Table 1.39 Adam’s Assay Reading B 
Winery Average Standard Deviation 
AP1 0.104 0.048 
AP2 0.139 0.022 
SH2 0.134 0.009 
MU1 0.083 0.016 
MU2 0.076 0.011 
LB1 0.115 0.010 
LB2 0.178 0.022 
BLANK 0.009 0.000 
Table 1.40 Adam’s Assay Reading C 
Winery Average Standard Deviation 
AP1 0.144 0.077 
AP2 0.174 0.065 
SH2 0.058 0.005 
MU1 0.127 0.008 
MU2 0.108 0.004 
LB1 0.172 0.036 
LB2 0.199 0.028 
BLANK 0.004 0.000 
Table 1.41 Adam’s Assay Reading D 
Winery Average Standard Deviation 
AP1 0.338 0.042 
AP2 0.511 0.047 
SH2 0.306 0.011 
MU1 0.259 0.016 
MU2 0.273 0.030 
LB1 0.417 0.032 
LB2 0.586 0.058 
BLANK 0.002 0.000 
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Table 1.42  Adam’s Assay Tannin Background 
Winery Average Standard Deviation 
AP1 0.993 0.252 
AP2 1.561 0.190 
SH2 0.947 0.301 
MU1 1.168 0.081 
MU2 1.471 0.342 
LB1 1.453 0.322 
LB2 2.245 0.051 
Table 1.43  Adam’s Assay Tannin Final 
Winery Average Standard Deviation 
AP1 1.083 0.252 
AP2 1.651 0.190 
SH2 1.037 0.301 
MU1 1.258 0.081 
MU2 1.561 0.342 
LB1 1.543 0.322 
LB2 2.335 0.051 
Table 1.44 Adam’s Assay Absorbance due to Tannin 
Winery Average Standard Deviation 
AP1 0.173 0.032 
AP2 0.244 0.024 
SH2 0.167 0.038 
MU1 0.195 0.010 
MU2 0.233 0.043 
LB1 0.231 0.040 
LB2 0.330 0.006 
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Table 1.45 Adam’s Assay Total Phenolic Background 
Winery Average  Standard Deviation 
AP1 0.600 0.151 
AP2 0.688 0.079 
SH2 0.324 0.027 
MU1 0.450 0.032 
MU2 0.500 0.036 
LB1 0.505 0.074 
LB2 0.631 0.019 
 
Table 1.46 Adam’s Assay Total Phenolic Final 
Winery Average Standard Deviation 
AP1 0.693 0.102 
AP2 1.173 0.114 
SH2 0.923 0.310 
MU1 1.018 0.072 
MU2 1.271 0.370 
LB1 1.248 0.327 
LB2 1.914 0.052 
Table 1.47 Adam’s Assay Absorbance due to Total Phenolics 
Winery Average Standard Deviation 
AP1 0.127 0.036 
AP2 0.530 0.054 
SH2 0.598 0.320 
MU1 0.584 0.075 
MU2 0.792 0.396 
LB1 0.765 0.345 
LB2 1.322 0.059 
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Table 1.48 Adam’s Assay Large Polymeric Pigment (LPP) Calculation 
Winery Average (AU) Standard Deviation 
AP1 1.529 2.033 
AP2 1.348 1.220 
SH2 2.955 0.440 
MU1 1.711 0.374 
MU2 1.231 0.446 
LB1 2.216 1.476 
LB2 0.829 0.954 
Blank 0.194 0.000 
Table 1.49 Adam’s Assay Small Polymeric Pigment (SPP) Calculation 
Winery Average (AU) Standard Deviation 
AP1 1.639 2.178 
AP2 1.444 1.307 
SH2 3.166 0.471 
MU1 1.833 0.401 
MU2 1.319 0.478 
LB1 2.374 1.582 
LB2 0.889 1.022 
Blank 0.208 0.000 
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HPLC Chromatograms 
Figure 2.1 Adam Puchta Sample 2 Extract HPLC Chromatogram Week 1 
m in1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5
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 D A D 1  A , S ig= 270 ,4  R e f= 360 ,100  (C :\H P C H E M \1 \D A TA \C H E LS E A \C H E LS E A  2012 -06 -14  10 -1 4 -2 6 \0 02 -01 0 1 .D )
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Figure 2.2 Adam Puchta Sample 2 Extract HPLC Chromatogram Week 8 
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 D A D 1  A , S ig= 270 ,4  R e f= 360 ,100  (C :\H P C H E M \1 \D A TA \C H E LS E A \C H E LS E A \C H E LS E A  201 2 -0 8 -0 1  0 9 -3 3 -3 1 \0 01 -0 1 01 .D )
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Figure 2.3 Adam Puchta Sample 3 Extract HPLC Chromatogram Week 1 
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Figure 2.4 Adam Puchta Sample 3 Extract HPLC Chromatogram Week 8 
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Figure 2.5 Les Bourgeois Sample 2 Extract HPLC Chromatogram Week 1 
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Figure 2.6 Les Bourgeois Sample 2 Extract HPLC Chromatogram Week 8 
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Figure 2.7 Les Bourgeois Sample 3 Extract HPLC Chromatogram Week 1 
m in1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5
m AU
0
5 0
1 0 0
1 5 0
2 0 0
2 5 0
 D A D 1  A , S ig= 270 ,4  R e f= 360 ,100  (C :\H P C H E M \1 \D A TA \C H E LS E A \C H E LS E A  2012 -06 -27  14 -4 8 -5 7 \0 01 -01 0 1 .D )
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Figure 2.8 Les Bourgeois Sample 3 Extract HPLC Chromatogram Week 8 
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Figure 2.9 Mizzou Sample 2 Extract HPLC Chromatogram Week 1 
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Figure 2.10 Mizzou Sample 2 Extract HPLC Chromatogram Week 8 
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Figure 2.11 Mizzou Sample 3 Extract HPLC Chromatogram Week 1 
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Figure 2.12 Mizzou Sample 3 Extract HPLC Chromatogram Week 8 
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Figure 2.13 Stone Hill Sample 1 Extract HPLC Chromatogram Week 1 
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 D A D 1  A , S ig= 270 ,4  R e f= 360 ,100  (C :\H P C H E M \1 \D A TA \C H E LS E A \C H E LS E A  2012 -06 -13  09 -3 3 -0 3 \0 03 -03 0 1 .D )
 8
.4
5
6  1
2
.9
9
5
 1
4
.4
2
1
 1
6
.5
9
0
 1
7
.8
6
6
 1
8
.9
7
3
 2
0
.1
9
7
 2
0
.8
3
8
 2
1
.7
5
6
 2
2
.7
8
7
 2
4
.2
5
2
 2
5
.3
5
8
 2
5
.9
9
0
 2
6
.4
2
0
 2
6
.7
2
7
 2
7
.2
7
9
 2
7
.9
5
7
 2
9
.4
5
2
 3
0
.1
3
8
 3
1
.5
6
3
 3
3
.3
6
7
 3
4
.7
0
0
 3
7
.0
8
1
 3
7
.3
4
3
 3
8
.4
6
9
 3
8
.9
7
7
 3
9
.6
9
7
 4
1
.0
5
8
 4
1
.5
0
3
 4
4
.1
7
7
m in1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5
m AU
-5 0
0
5 0
1 0 0
1 5 0
2 0 0
2 5 0
 D A D 1  B , S ig= 520 ,16  R e f= 36 0 ,10 0  (C :\H P C H E M \1 \D A TA \C H E LS E A \C H E LS E A  2012 -06 -13  09 -33 -0 3 \0 0 3 -0 3 0 1 .D )
 1
1
.2
0
2
 1
4
.4
3
7
 1
6
.5
2
9
 1
7
.8
9
1
 2
0
.1
8
0
 2
1
.7
4
6
 2
2
.8
2
9
 2
4
.2
5
4
 2
5
.2
6
6
 2
6
.4
2
5
 2
6
.7
0
5
 2
7
.2
8
5
 2
8
.6
0
5
 2
9
.4
5
2
 3
0
.1
4
0
 3
1
.0
7
5
 3
2
.0
0
1
 3
3
.3
7
7
 3
4
.1
3
1
 3
5
.0
2
3
 3
5
.9
0
6
 3
8
.3
5
6
 3
9
.0
9
4
 3
9
.4
7
5
 4
0
.1
5
2
 4
2
.6
5
7
 4
3
.2
3
2
m in1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5
m AU
-5 0
0
5 0
1 0 0
1 5 0
2 0 0
2 5 0
 D A D 1  C , S ig= 320 ,8  R e f= 36 0 ,10 0  (C :\H P C H E M \1 \D A TA \C H E LS E A \C H E LS E A  2012 -06 -13  09 -3 3 -0 3 \00 3 -0 3 0 1 .D )
 8
.3
5
7
 1
1
.7
8
2
 1
3
.8
6
4
 1
6
.3
4
6
 1
6
.8
4
8
 1
8
.0
4
1
 1
8
.9
5
9
 2
0
.2
1
7
 2
1
.8
8
3
 2
2
.8
2
0
 2
4
.2
5
1
 2
5
.3
3
5
 2
6
.4
2
2
 2
6
.7
0
9
 2
7
.2
7
9
 2
8
.3
4
6
 2
9
.4
5
1
 3
0
.1
4
4
 3
1
.2
6
1
 3
2
.6
2
8
 3
3
.2
2
0
 3
4
.7
0
2
 3
5
.3
3
7
 3
8
.3
8
1
 3
9
.1
4
9
 3
9
.6
9
7
 4
0
.0
9
2
 4
1
.4
9
4
 4
3
.3
3
5
 4
3
.8
4
8
 
 
Figure 2.14 Stone Hill Sample 1 Extract HPLC Chromatogram Week 8 
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Figure 2.15 Stone Hill Sample 2 Extract HPLC Chromatogram Week 1 
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Figure 2.16 Stone Hill Sample 2 Extract HPLC Chromatogram Week 8 
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Figure 2.17 Standard Curve for Catechin Coefficient (Adam’s Assay) 
 
 
Figure 2.18 Tannin Content Standard Deviation 
y = 0.1413x - 0.199 
R² = 0.9509      n=3 
 
 
 
n=3 
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Figure 2.19 Total Phenolic Content Standard Deviation 
 
 
Figure 2.20 Anthocyanin Content Standard Deviation 
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3. Supporting Figures 
Figure 3.1 Anthocyanidin Color Range  
  
 
Figure 3.2 Structure of polyphenolic compounds 
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Figure 3.3 Color Additives Approved for Use in Human Food 
 
Figure 3.4 Greek Yogurt Sales 2012-2013 
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Figure 3.5 Nutritional Comparison of Yogurts by Brand 
 
Figure 3.6 Konica Minolta Chroma Meter 
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Figure 3.7 L*a*b* value color chart 
 
 
Figure 3.8 HPLC Separation of anthocyanins from Cabernet Mitos extract (520nm) 
 
(Kammerer and other 2004) 
 
Figure 3.9 Plain Greek Yogurt compared to Greek Yogurt 
 
(Chandan 2013)  
 
